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PREFACE. 



The favourable reception accorded both at home and 
abroad to the previous editions of 'Worl<shop Ap- 
pliances,' coupled with the demand for a new issue, 
have decided the Author upon now undertaking its re- 
vision throughout. In doing this he has endeavoured, 
by shortening the descriptions in some instances, 
and in others by substituting for them diagrams or 
drawings— the ' Alphabet of the Engineer,' as the 
latter have well been called— to find space for a 
larger amount of new matter than the mere addition 
to the number of pages would indicate. 

The few original paragraphs relating to steel have 
been expanded into a supplementary chapter, con- 
taining several illustrations, which— like the generality 
of the engravings throughout the book — have been 
carefully engraved by Mr. G. Pearson, from photo- 
graphs or original drawings. 

It is hoped that these alterations will render the 
book more complete and more useful both to stu- 
dents and to workmen. The latter have frequently 
borne gratifying testimony to its value, and have 
made various suggestions to the Author, which have 
not been overlooked in the revision. In return he 
GOO;(|C 
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would impress upon them — equally with those upon 
whom devolves the responsibility of directing them 
— that competition with foreign countries is daily 
becoming keener, and that we can only hope to main- 
tain our position in the race by constantly endeavour- 
ing to improve. 

Students who may be inclined to regard as trivial 
the details which they will find described in the 
following pages should, as before, be reminded that 
it has not unfrequently been by attention to such 
apparently trifling matters that eminent Civil En- 
gineers have achieved their successes. 

The thanks of the Author are due to the mem- 
bers of many eminent engineering and other firms, 
several of whose names appear in the text or on 
the engravings of the machines of which they have 
kindly supplied photographs or drawings. But he 
must here express his indebtedness to Messrs. Smith, 
Beactwk, & Tannett, and Messrs. Greenwood & 
Batley, of Leeds ; to Messrs. Maudslay, Sons, tfe Field, 
Messrs. John Penn & Son, Mr. Ralph Tweddell, 
Mr. Calderwood, of Price's Patent Candle Co., Messrs. 
L. Sterne & Co., of London ; and to Mr. E. Rey- 
nolds and Messrs. S. Osborne & Co., of Sheffield. 
Also he must again express his thanks to his friend 
Mr. A. L. Newdigate, for his assistance throughout 
the revision, and more especially in connection with 
the additional chapter. 

45 Parliament Street, Westminster. 
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ON MEASURES OF LENGTH, AND METHODS OF MEASURING. 

It has been truly said that ' the most important step in the 
progress of every science is the measurement of qjantities,' 
Progress in the mechanical ails is also greatly dependent 
upon measurement, or at least upon that branch of the 
subject which deals with lineal quantities. The course of 
our endeavours to arrive at accuracy in the practical deter- 
mination of such measurements will be briefly traced in the 
present chapter. 

Lineal measurement necessitates the use of some 
Standard, or Unit of Length, a necessity which must of 
course have been felt from the earliest times. But until 
the seventeenth century — at about the commencement of 
which some demand for increased accuracy seems to have 
sprung up — various natural objects served the purpose 
sufficiently well Many of the names which survive to the 
present day show the origin of the measures to which they 
are applied. Thus we use the 'foot,' the ' hand,' and the 
' nail,' for the expression of various small dimensions ; 
whilst the ' cubit ' {or forearm) and the ' pace ' — though the 
former is not to be met with now — have in past times served 
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to express' somewhat greater ones, It was doubtless an ad- 
vantage to make use of units, with duplicates of which every 
workman or trader was provided ; but inasmuch as they all 
vary to a great extent in different individuals, they could 
obviously only be used for measurements of the roughest 
description. Attempts were made long ago in this country 
to secure one permanent unit, or standard of length, and 
although they have been successful as far as commer- 
cial and other practical ends are concerned, the history of 
our endeavours to obtain one sufficiently invariable for 
scientific purposes is a standing example of (he uncertainty 
of human undertakings. 

Some of the old statutes enact that three barley-corns, 
round and dry, make an inch, twelve inches a foot, three 
feet a yard, &c., and there seems to be no doubt that this 
mode of obtaining the standard was actually resorted ta 
But, setting aside the objection due to the varying sizes of 
individual grains— unless the average from a very large 
number of them be taken — it is so difficult to know how 
much of the sharp end of a grain of barley must be removed 
in order to make it 'round,' that the definition is not of 
much value. Nevertheless, in spite of numerous attempts 
at legislation on the subject, this, down to the year 1824, 
was the only process by which the standard yard of this 
country could, if lost, be legally recovered. 

In the year 1 742, when the Royal Society took the matter 
in hand, there were several standards of length in existence, 
which, although they were not recognised by law, served the 
purpose of approximately regulating the measures used for 
commercial and other purposes. A careful comparison 
made by order of the Royal Society showed considerable 
variation between them ; so from the most reliable of them 
a clever mechanician named Graham (to whom we owe the 
mercurial pendulum, and several other improvements in 
clocks and watches) was employed by that Society to mark 
off the true length of a yard upon a brass rod. From this 
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— the iirst standard worthy of the name— a Parliamentary 
Committee caused a copy to be made in the year 1758 by ■ 
an optician named Bird, who was also afterwards employed 
to make a second copy. These two standards were duly 
placed in the hands of the Speaker of the House of Com- 
mons, but a Bill to constitute the first of them the national 
standard was not carried ; so there they remained. Another 
Committee appointed in 1790 did nothing, and the matter 
was then shelved till the year 1814. 

During this interval, however, not only did several private 
individuals and learned societies provide themselves with 
standards, but scientific men turned their attention to devis- 
ing means for the recovery of the national standard— if it 
should ever he lost or destroyed. Accordingly a Committee 
in 1814, after recommending the adoption of Bird's standards, 
defined the British yard as consisting of thirty-six inches,— 
the length of a pendulum making one vibration per second 
being 39'i3047 of such inches. In 1819 a Commission was 
appointed by the Prince Regent, which in that and the two 
following years presented three Reports. In the first Report 
the length of the seconds' pendulum, and also the weight of 
a cubic inch of distilled water, were stated ; but in the second 
and third Reports respectively both of them were altered,— 
the former to sg'isgzg inches, the latter to 252-458 grains, 
— under certain stated conditions. These Reports resulted 
in the Act of 1824, by which Bird's standard of 1760 was at 
length legalised. 

Only ten years after this, in 1834, the fire occurred which 
destroyed the Houses of Parliament, and with them both of 
Bird's standards ; so the country again found itself without. 
an authorised copy of its standard of length. It might 
naturally be supposed that recourse would at once be had 
to the pendulum, and that the easy and speedy restoration 
of the lost standard would be the resulL But this was not 
the case ; and a Treasury Commission appointed in 1838 
declined to recommend that method, serious sources of 

, .. Goo;,lc 
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error in the former experiments having been subseqnently 
discovered. Fortunately, however, the Royal Astronomical 
Society had, only two years before the destruction of the 
Houses of Parliament, caused a standard to be made for 
its own use, and this had been most carefully compared 
with the Parliamentary standards. From it, therefore, taken 
in conjunction with other reliable copies, the Commissioners 
(whose Report was presented in 1841) recommended that 
accurate Parliamentary copies be made, by the careful pre- 
servation of which the (rue length of the British yard should 
be perpetuated, in preference to depending upon experi- 
ments for obtaining it from any natural constants whatso- 

Acting on this Report, the Government appointed a Com- 
mittee to carry out (he recommendations contained in it, 
under which was commenced a series of experiments and 
investigations which are almost, if not altogether, without 
parallel for the care and perseverance bestowed upon them. 
Those connected with the restoration of the standard of 
length — with which alone we have to deal — were begun by 
Mr. Baily (to whose assiduity the Astronomical Society 
owed its standard), and after his death in 1844 were carried 
on by Mr. Sheepshanks. The delicacy of their operations 
may be gathered from the fact that a change of temperature 
of only one-hundredth part of one of Fahrenheit's d^ees 
was lound to produce a sensible effect in the length of a bar; 
a quantity which at that lime no thermometers in the coun- 
try were capable of registering. Therefore, in addition to 
accurate determinations of the rate of expansion in different 
metals, careful comparisons of the most trustworthy copies 
of the standard, and many other points to which time had to 
be devoted, new thermometers of immensely increased ac- 
curacy had to be devised and constructed. To this arduous 
task Mr. Sheepshanks gratuitously devoted the last eleven 
years of his life, djing on the very eve of its completion, in 
1855, What remained to be done was undertaken by Mr. 
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("now Sir George) Airy, till lately Astronomer Royal, to whose 
memoir in the ' Philosophical Transactions ' for 1857 the 
reader who is interested in the subject will do well to refer 
for further details of the work. 

The result of their joint labours was the adoption of two 
of the existing copies of the lost standard, one of which was 
henceforward to be regarded as the standard. Frotn this 
four 'Parliamentary copies' were made, of which No. i was 
deposited in the Royal Mintj No. 2 in the keeping of the 
Royal Society, No. 3 in the Royal Observatory at Green- 
wich, and Na 4 was immured in the lower waiting-hall of 
the Houses of Parliament' In form ihey are all solid 
bronze bars, i inch square, each being 38 inches long. 
Near the ends of each bar there are two holes, in which are 
insetted gold plugs with fine lines engraved upon their sur- 
faces, which lines are exactly one yard apart, at a certain 
stated temperature. An Act legalising them was passed in 
1855, since which date — despite the efforts which have been 
made in this country to implant the m^tre with its decimal 
system — these bars have continued lo be the only legal 
source from which all our measures spring, and the real 
safeguard against the loss of our national unit, the British 
yard. 

In addition to the length of the second's pendulum, 
other natural standards have from time to time been pro- 
posed. Such are, the velocity of light, the length of an 
undulation of a ray of light of definite refrangibility (neithei 
of which are practically available), and various dimensions 
of the earth itself One of these has been adopted by the 

' Subsequent alterations at the Houses of Parliament have rendered 
necessary the removal of this Parliamentary copy, together with tliose 
of the Standards of Weight, &c., which were immured with it ; the 
wall in which they were originally placetJ liaving been pulled down 
in order lo form an entiance to the refteEhment rooms. The Times 
(of March 21, 1872) slates that ' On the 7th of March ... the 
standards were deposited in their new resting-place in the wall on the 
right-hand side of the second landing of the public staircase, leading 
from the lower w^ting-tiall up to the Commons' Committee rooms.' 
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French, whose unit of length, the mi;tre, professes to be one 
ten-millionth part of a line drawn on the surface of the 
globe from the pole to the equator. The length of this line 
was deduced from measurements of the arc of the meridian 
between Dunkirk and Barcelona, The result of these mea- 
surements, which were commenced in 1792, has since been 
found to be incorrect by an appreciable quantity, and the 
length of the mttre, if once lost, could with no greater 
certainty be recovered from any natural standard than can 
the British yard. Consequently the decree passed by the 
French Republic in T795 wisely defined the m&tre to be the 
distance between the ends of a standard bar of platinum, 
without reference to the source from which it had been 
derived. Borda determined the exact relation which the 
length of this bar bears to that of a pendulum vibrating 
seconds in the latitude of Paris, but the true safeguard 
against the loss of the French, as of the English, standard 
lies in the preservation of accurate copies of the bar by 
which it is represented. 

The length of the standard mbtre at 6z° Fahrenheit is 
39-37079 British inches, which for practical purposes may 
be easily remembered as three feet three iiukes and three 
eighths of an inch, this being only '00421 (about j^) of an 
inch in excess of its true value. Some further information 
concerning the French standard, and the connection which 
exists between the units of length, capacity, and weight in the 
metric system, will be found in the volume of this series on 
' Heat,' bythe late Professor J. Clerk Maxwell, and also in that 
on 'Inorganic Chemistry,' by the late Doctor W. A. Miller, 
Where large numbers of weights or measurements have to 
be converted from the metric to the British system, or vice 
versd, time and trouble may be saved by laying down con- 
tiguous scales of equal parts, bearing the proper proportion 
to each other — on the principle of the ' Metric Scales,' by 
Mr. A. L. Newdigate, recently published. 

It was proposed by the late Sir John Herschel to adopt 
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the earth's polar axis as a fundamental unit of length. Foi 
this purpose it might be considered to contain 500,500,000 
(five hundred million five hundred thousand) British inches, 
■which is not more than 82 yards (about rnnnns) 'ii excess 
of its true length. 

In the restoration of the standard yard, the means em. 
ployed for detecting the minute differences of length which 
had to be dealt with, consisted of a pair of microscopes at- 
tached to a perfectly firm foundation, in the focus of each 
of which were placed two intersecting cross-hairs. A slow 
traversing motion could be given by means of a micrometer 
screw, the head of which was so divided that each gradua- 
tion represented a movement of one twenty- thousandth part 
of an inch. The comparison of two standard or other scales 
was effected by accurately adjusting the points of inter- 
section of the cross-hairs over the lines engraved upon one 
of the scales, then replacing it by the second scale and again 
adjusting the micrometer screw, the graduations on the 
head of which registered the difference in the length of the 
scales. 

This method is known as 'line' measure, or mesure d 
traits, in contradistinction to mesure d bouts, or 'end ' 
measure In 'the former, as we have just stated, the length 
is given by the distance between two fine transverse lines 
drawn upon the standard bar, and it is read by the aid of 
micrometer microscopes, with which the limit of accuracy 
practically attainable has been found to be one fifty- 
thousandth of an inch. In the latter it is given by the 
distance between the ends of the bar itself, which is placed 
in actual contact with the instrument fay which it is measured ; 
and Sir Joseph Whitworth has shown that for this purpose 
the sense of touch is much more reliable than the sense of 
sight, inasmuch as minute distances can be enlarged with 
much greater certainty by mechanical than by optical means. 
On this principle he has constructed machines capable of 
detecting a difference of one-millionth part of an inch in the 
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length of two bars ; and he considers that with the assistance 
of these there would be no difficulty in producing any 
required number of copies of the Parliamentary Standard, 
each one of which would be quite sufficiently accurate for 
all ordinary purposes of reference, so that the wear and risk 
of injury to the original standard would be reduced to a 



Four views of a machine of this kind are given in Fig. r, 
p. II, and some particulars relating to it can scarcely fail 
to interest the reader. It must be borne in mind that its 
object is not to make an original measurement of the total 
length of any bar, but to compare it in the most accurate 
manner possible with a nearly similar standard bar of which 
the exact length is known, and to record, to the millionth part 
of an inch, any difference, which may exist between theni. 
The particular machine here represented is constructed to 
receive a bar only one inch long; but one made upon a 
precipely similar principle, which was capable of taking in a 
bar forty inches in length, was shown in the Great Exhibition 
of 1851, and obtained the award of the Council Medal for 
Sir J. Whitworth, to whose courtesy we are indebted for the 
photograph from which the ' General View ' has been en- 
graved. Another machine for * end ' measurement was also 
exhibited there by the Prussian astronomer Bessel. 

The appearance of the instrument will be evident 
from the General View which stands at the head of the 
page, whilst the outline Plan, Section, and End Elevation 
below will explain its construction— the same parts being 
indicated by the same reference letters in all of them A 
standard one-inch bar (D) is there shown in position for 
being measured — or rather for being compared with some 
other bar. A rigid mass of cast iron (A) forms the bed of 
the machine, the casting being carried up at each end so as 
to form two headstocks. Running from one of these head- 
stocks to the other is a V-shaped groove, in which the 
square bars B and C are laid, and which also receives the 
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standai-d or other bar (D), of which the length is to be 
tested The sides of the groove, and also those of the bars 
(which are square in section), are worked up as truly plane 
as possible, and are kept accurately at right angles to each 
other, so that, upon whichever sides the bars may rest, they 
are capable of sliding smoothly and with perfect steadiness 
in the groove. Their ends also are carefully made square 
to their sides, and are brought to true planes j one extremity 
of each, in the case of B and C, and both extremities of D, 
beii^ turned down, so as to present circular instead of 
square faces. Through each headstock runs an accurately 
pitched micrometer screw, by which B and C can be driven 
forwards along the groove ; as may be observed in the left- 
hand portion of the Plan, in which the saddle by which B is 
protected and partially concealed, when the machine is ir. 
use, has been removed. The screw on this side, which has 
exactly 20 threads to the inch, is made to advance or 
recede by tumii^ the wheel F, the circumference of which 
Is divided into 250 parts. Consequently, by turning the 
wheel forwards through one division, the bar B is moved 

through — >f — = one five- thousandth of an inch. The 
" 20 250 

other screw, which likewise has 20 threads to the inch, is 

driven by a worm-wheel of 200 teeth, into which gears a 

tangent -screw, H, having fixed upon its stem the graduated 

whe 1 G. The circumference of this wheel being also 

divided into 250 parts, a movement through one division 

corresponds to a traverse of — x - x ■ — = one- 

20 200 250 
millionth of an inch on the part of bar C Fixed pointers 
enable the exact distance through which either of the wheels 
F or G is moved to be read off, so that we have thus the 
means of detecting this extremely minute difference in the 
length of any bars, — if, at least, we can fulfil the important 
condition of causing the micrometer screws to exert a per- 
fectly equal pressure in every case. The arrangement by 
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which this equality of pressure is secured is one of very 
great simplicity and beauty. Between one extremity of the 
bar under comparison and the sliding bar, a small steel plate 
with truly plane and parallel sides is introduced. This plate 
is called the 'feeler' or 'gravity piece,' and its ends (E E) 
are drawn out so as to rest upon two supports fixed upon the 
sides of the bed. When little or no pressure is exerted upon 
the bar D, the feeler, if one of its ends be momentarily raised 
from the support, falls back again by its own weight ; when, 
on the other hand, the pressure is at all considerable, it is 
either incapable of being raised without violence, or, when 
lifted, does not return ; the friction, in fact, between its own 
plane surfaces and those of the bars between which it is 
placed forming a delicate measure of the pressure to which 
they are subjected. When this pressure is just sufficient to 
keep the feeler from falling by its own weight, without inter- 
fering with its perfectly free motion when touched, the cor- 
rect adjustment has been given to the instrument. 

Suppose now that a proposed duplicate is to be com- 
pared with a standard one-inch bar. The standard (D) and 
the feeler (E E) are first placed in the positions shown in the 
figure, contact between them and the sliding bars being 
nearly established by turning the wheel F ; after which the 
final adjustment is given with the wheel G. As soon as the 
feeler, on its end being lifted, remains suspended instead of 
falling back upon its support, the adjustment is known to be 
complete, and the position of the wheel G is accurately 
noted. Since the new bar is to be an exact copy of the 
standard, the coarse adjustment wheel F is left untouched, 
the standard being released by moving the wheel G only, 
which is again adjusted when the duplicate of which the 
length is to be tested has been laid in the groove. If the 
position of the wheel then prove to be the same as before, it 
is evident that the length of the bars is identical ; but if not, 
the exact difference between them is given in millionth parts 
of an inch by the number of divisions by which the second 



I, J Whitworth's ' Millionth ' Measuring Mac/tine. 



— WhiiwDiih's MilU 



12 Workslwp Appliances. (Chap. 

reading differs from the first ; a movement through one of 
these divisions being sufficient to release the feeler or again 
to arrest its fall when the adjustment of G is correct. This 
degree of delicacy will thus be seen greatly to surpass that 
of the measurements which have been obtained by reading 
line measures with the aid of powerful microscopes. As an 
instance of the extreme sensitiveness of machines of this 
kind, it may be mentioned that by taking due precautions 
for the exclusion of dust, moisture, and currents of air, a 
difference of one two-millionth of an inch — corresponding 
to half a division on the fine adjustment wheel — has been 
rendered distinctly perceptible, so that it has been possible 
actually to measure the expansion produced in an iron bar 
by touching it for an instant with the linger. Indeed, the 
expansion with every slight increase of temperature consti- 
tutes the only difficulty with which Sir Joseph Whitworth 
has now to contend, and he is of opinion that 62° Fahren- 
heit, which is adopted in this country as the standard tem- 
perature, is too low for the purpose, since, if it were increased 
to 70° or 80°, its uniformity would be much less liable to 
disturbance from the warmth of the operator's tiody. But 
it must not be supposed that this acme of mechanical preci- 
sion is by any means easy of attainment For it is obvious 
that if the slightest want of uniformity of pitch were to exist 
in the micrometer screws, or if the sides of the bars, &c., 
were not extremely close approximations to true plane sur- 
faces, — their ends being at the same time accurately at 
right angles to the common axis of the bars and screws- 
it would have been impossible to arrive at the wonderful 
degree of accuracy which can now be obtained with these 
instruments. 

For expressing the minute fractions of an inch which 
these instruments enable us to measure, as well as- for 
measurements generally, whether theoretical or practical, in 
which very small subdivisions of the unit employed must 
be taken into account, it is admittedly preferable to have 
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recourse to decimal rather than vulgar fractions. Unhappily, 
opinion is somewhat divided as to the unit upon which such 
subdivision should be based. Advocates of the metric 
system ui^e its adoption, on the ground that it is a system 
complete in itsell^ which would facilitate our transactions 
with France and other countries in which it is used, and 
would do away with much of the labour now expended in 
computing by means of our British weights and measures. 
On the other hand it is held, — that decimal subdivisions 
by no means necessitate the employment of decimal 
multiples of the unit, which, for convenience in most of 
the transactions of everyday life, are greatly inferior to those 
now in use ; that the length of the mfetre is inconveniently 
great for a standard unit, and as far as its value is concerned, 
as being one even theoretically perfect and recoverable, 
we should by no means be gainers by its adoption ; also 
that immense practical difficulties stand in the way of our 
making so radical a change, which would entail, during 
many years, the endurance of the evils of a mixed system 
over a large proportion of the globe. These and other 
reasons, which it would carry us too far from our subject 
to detail, leave, indeed, no doubt that the disadvantages 
involved in the adoption of the mfetre, or any other new 
standard, would much more than counterbalance the ad- 
vantages. The retention of the inch as the unit for the 
purposes of the mechanician, with the simple substitution 
of decimal for the ordinary or ' binary ' subdivisions in all 
cases of fine measurement, provides us with the means of 
recording dimensions with any required degree of minute- 
ness, and, so far from provoking the opposition which the 
attempt to implant an entirely new system would encoun- 
ter, it has already made great progress towards general 
adoption. 

Tuming now from the consideration of the terms in 
which our measurements are expressed, to the practical 
means employed for their determination, the first thing 
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which claims our attention is the Measuring- rule. Fig, 2 
represents the form most commonly employed by mechanics, 
which consists of a strip of box or lance-wood 2 feet in 
length, jointed at the centre, so as to enable 
it to be carried in the pocket Each iz-inch 
length is often further jointed so as to reduce 
the total length, when folded, to 6 inches, 
these being known as ' four-fold ' and the 
other as ' two-fold ' rules. They are divided 
throughout into inches, half-inches, quarters, 
and eighths— sometimes also into sixteenths 
— below which it is not customary to carry 
these binary subdivisions {i.e. those obtained 
by dividing and subdividing by 2). For 
although these are more convenient than any 
others for ordinary rough measurements, the 
higher denominators, such as 32, 64, 128, &c,, 
are, in this respect, inferior to decimals for 
the expression of minute quantities, as has 
already been pointed out. At the back of 
these rules there is frequently a brass slide, 
12 inches long, which is marked with inches 
on its interior and with logarithmic scales on 
Fio, ," its exterior surface. The former are useful 

Tuo-fooi Rule. for enabling the workman to measure the 
depth of a groove or cavity ; but he is seldom 
at the pains to make himself acquainted with the latter, 
though a few simple lessons in it would teach him that he 
carries in his pocket many hundred times as much power of 
calculation as he has in his head. The cheap rate at which 
these rules are sold is the only excuse for their usual in- 
accuracy. But various other forms of rule, made of wood, 
ivory, and metal, far too numerous for mention here, are to 
be found at every tool and instrument maker's shop ; of 
which — as is the case with most other articles— the price 
generally regulates the quality. 

I n. II, Google 



I.] Ordinary Measuring Instruments, 1 5 

Larger dimensions, when required but roughly, are most 
readily taken from a measuring tape. To obviate the 
tendency of tinen tapes to stretch, steel ones have been 
introduced ; but for accurately setting out long lengths they 
are never likely to displace the simple expedient of using 
a pair of deal measuring rods, each of the exact length of 5 
or 10 feet, which are alternately placed end to end the 
requisite number of times. For still greater lengths as in 
measuring land, &a, the surveyor's chain either of 66 or 
100 feet is exclusively used— but this does not come within 
our present subject. 

With straight and inflexible measuring scales or rules, 
however, it is evident that many of the dimensions which 
are required in the workshop cannot be obtained directly. 
This is true of almost all cylindrical forms, as well as of 
many others of frequent occurrence, the most simple method 
of determining the size in such 

cases being to apply to ihe inac- /C'\\ lC\\ 

cessible portion of the work a pair / ^^^J\ / /^ \ 
of calliptrs, which ordinarily con- If \\ jl / \ I 

sist simply of two curved steellegs \l jj W\)/\ 

(F'g- 3). stifBy jointed together after ^^-^^ i«^^= 
the manner of a pair of compasses. j.^^ -CaLiiwre. 

The points of these are set to such 

a distance apart that they are just able to pass freely over 
the cylinder or other article to be measured, its diameter or 
thickness being then found by laying the callipers upon an 
ordinary rule. It will be observed that the pair shown in 
the engraving can be used not only for outside dimensions 
but also for inside ones, provided that the_size of the aper- 
ture is sufficient to admit them. Two other forms of plain 
callipers will be found represented in Chapter V. ; and yet 
others are made, amongst which may be mentioned sliding 
calhpers, in which the pivoted joint is dispensed with, and 
a graduated sliding bar substituted. These, which some- 
what resemble the sliding gauge, Fig. 10, are 'contact' 
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measuring instruments of considerable delicacy, and are not 
open to the charge of inadequacy for any but rough measure- 
ments. This, on the other hand, may justly be urged against 
callipers of the ordinary kind, which, although tolerably 
satisfactory correspondence between two pieces of work may 
be obtained with their assistance, are of comparatively little 
use for determining their true size. To do this entails the 
conversion of the end or contact measure, which is expressed 
by the distance between their points, into the line-measure 
marked on a scale or rule— a task by no means easy 
even in the case of rough measurements, and one which, 
when scientific accuracy is necessary, becomes a serious 
difficulty. 

It may be mentioned in passing that the following is the 
principle upon which this can be correctly done. Two end- 
measuring bars are taken, of which the length is equal, or 
the exact difference of length known, and a line is drawn 
across each, at or near the centre ; their ends are then 
placed in contact with each other, and the distance between 
the lines is read with a pair of microscopes, such as are used 
for line-measure. Both bars are then turned end for end, 
and the distance between the lines is again read ; the mean 
of these two readings gives the mean length of each 
bar. 

Since, as we shall hereafter see, all workshop measure- 
ments except those of an approximate character are obtained 
by some form of contact measure, the difficulty of this 
operation forms a strong argument in favour of the dis- 
semination of end-measure copies of the standard, by which 
private measuring instruments may be verified when neces- 
sary. This step has for many years been advocated by Sir 
Joseph Whitworth, and its desirability has now been rec<^- 
nised by the Board of Trade. Legalised 'Secondary 
Standards,' and sets of ' Plug and Collar Gauges,' such as 
we shall presently describe, have been deposited in London 
at the office of the Standards Department Copies of these 
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are there verified, free of charge, for any Local Board in the 
United Kingdom which is sufficiently enlightened to take 
this simple step towards insuring accuracy in the measuring 
instruments used throughout its district 

' Mm-al Standards ' have also been set up in Trafalgar 
Square, with which rules, tapes, or measuring chains of any 
of the following lengths can be tested with suflScient cor- 
rectness for ordinary purposes ;— One foot, two feet, one 
yard, sixty-six feet, and one hundred feet. 

One case of everyday occurrence for which graduated 
rules and other ' line ' measuring instruments cannot be 
successfully used, either directly or with the aid of ordinary 
callipers, is the measurement of the diameter of a wira 
Another is that of the thickness of a sheet of metjfl, which 
it is generally necessary to ascertain with much greater nicety 
than would be possible with a measuring rule, even if its 
graduations were sufficiently fine. 

For such cases common practice bears testimony to the 
superiority of ' contact ' measure to ' line ' measure by adopt- 
ing the simple contact instruments which 
are known by the name of Wire and Plate 
Gauges. Of these the Birmingham Wire 
Gauge (a common form of which is shown 
in Fig. 4) may be taken as the prototype. 
Parallel -sided notches of various widths are 
cut round the edges of a steel plate about 
jj of an inch in thickness, each notch being 
distinguished by a numeral ; the series in Fiq. 4. 

Fig. 4 running from No. r to No. 26. w^"g'"**^\ 
The ' number ' of a wire is ascertained by 
merely trying which notch (if any) is just sufficiently 
wide to allow it to pass. So far the system is satisfactory 
enough. Very small variations from the intended sizes 
can be detected, and the instrument itself is neither costly 
nor too delicate for common use. Two things only are 
wanted to make it fulfil all ordinary requirements, viz, 1 
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a sufficiently extensive series of ' numbers,' unanimously 

agreed upon, and always designated by the same numerals ; 
and the reference of each number to some recognised stan- 
dard, so as to guard against the possibility of its loss or 
gradual alteration. In both of these respects all the gauges 
which were formerly in use are lamentably deficient In the 
' B.W.G. ' (by which letters the Birmingham Wire Gauge 
is distinguished) the numbers form an arbitrary series, 
which for many purposes has proved itself quite insuffi- 
cient Various other gauges, equally objectionable in their 
method of designating Che sizes which can be measured 
by ihem, have accordingly found their way into use ; and 
as no sort of correspondence exists amongst them, there 
results an amount of confusion and complication from 
which the only chance of escape seems lo be in their total 
abolition. 

Careful comparisons have more than once been inde- 
pendently made with a view to ascertaining what standard 
value could be assigned to the various numbers of these 
miserable systems, but entire agreement has not been and 
probably nevei will be arrived at, since gauges which profess 
to be alike are found to differ amongst themselves, and there 
exists no authoritative means of correcting them. It is 
therefore earnestly lo be hoped that the whole of them will 
gradually fall into disuse and be replaced by some com- 
plete and easily recoverable series of numbers, such as that 
of the Standard Decimal Gauge, of which the adoption has 
been urged by Sir J. Whitworth since 1857. The 'num- 
bers ' of this gauge— of which the main portion, reprinted 
with his subsequent corrections, from his ' Miscellaneous 
Papers," will be found in the Appendix, represent the 
actual sizes expressed in thousandth parts of an inch. By 
this simple alteration several gaps are filled up, so that we 
are enabled to gauge sizes for which the old gauges had 
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no numbers, and in addition to this we are relieved from the 
inconvenience of having the same size expressed by two or 
more different numbers, which was frequently the case before. 
As an instance of it we may mention that No. 36 of the 
Decimal gauge represents the following numbers in five of the 
old gauges :— No. 20 of the Birmingham Wire Gauge ; No, 
13 of the Birmingham Plate Gauge; No, 62 of the Lan- 
cashire Gauge ; No. 18 of the Music-wire Gauge ; and No. 
3 of the Needle-wire Gauge ; the size in each case being 
■036 of an inch. 

Wire gauges occasionally take other forms than that of 
a steel plate with parallel-sided notches, such as Fig. 4. A 
single tapered opening may be substituted for the whole 
series of notches, the ' number ' or ' gauge ' of the wire being 
found by passing it down the opening as far as it will go, and 
reading the number opposite to it on the graduated edge. 
Wire gauges of this kind are known as \l -gauges, and they 
are capable of giving the diameter of round wire with a fair 
amount of accuracy, even when as small and compact as the 
upper one of the two represented in Fig. 5, They can- 
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FIG.5.— VJSaugtB. 

not, however, be used for gauging sheet metal, nor for any 
wire that is not circular in section. 

A modified form of V-g^uge, proposed by Mr. Hughes, 
is shown in the lower half of Fig. 5. The taper of the V 
being made very slight, with a view to obtaining increased 
accuracy, the inconvenience which would result from its 

I n. II, Google 



20 Workshop Appliances, [Chap. 

great length is obviated by breaking it up into a number of 
separate parts, so that in general appearance this gauge 
strongly resembles those with the ordinary notches. The 
accurate manufacture of V-gauges is a matter of considerable 
difficulty, but they certainly possess the advantage of enabling 
the amount to be observed by which a wire exceeds, or falls 
short of, its intended diameter ; and by graduating both 
sides of the V, they afford a ready means of comparing 
together the 'numbers' belonging to two different series, — 
as, for instance, those of the Decimal gauge and the Bir- 
mingham Wire Gauge. 

The following particulars with regard to the gauges, of 
which tne distinguishing numbers (or a portion of them) 
are given in the Appendix, may be useful. 

The first column gives the numbers of the Decimal gauge, 
which progress by regular steps, and in all cases represent 
the actual size, as already stated. 

In column 2 is the entire series of the Birmingham Wire 
Gauge, from No. 0000 to No. 36, with one exception 
(No. o). In the gauges for ordinary use (as in that repre- 
sented in Fig. 4), the first four and the last ten sizes are 
generally omitted, the total number of notches being thereby 
reduced from 40 to 26. This gauge is much more exten- 
sively used than any of the other arbitrary gauges — wire 
(with some exceptions), sheet iron, and steel, and frequently 
also other sheet metals, being referred lo it. 

In column 3 will be found most of the numbers of the 
Birmingham Plate, or Metal gauge. Whenever the thick- 
ness of sheet metal— with the exception of those mentioned 
below — is expressed by an arbitrary number, this series is 
presumed to be referred to, although the numbers in the 
previous column, whh the affbt 'B.W.G.,' are not unfre- 
quently substituted for them. Even when the lower num- 
bers of the Plate gauge are used, the series is often con- 
sidered to end at No. 24, the larger sizes being then borrowed 
from the previous columa Since the numbers of these two 
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gauges run in opposite directions, the whole arrangement is 
well adapted for producing confusion. 

Column 4 contains many of the numbers and letters of 
the Lancashire- gauge. Commencing with No, 80, which 
coeresponds with No. 29 B.W.G., this gauge absorbs all the 
numerals down to No. i, following them up with the whole 
alphabet from A to Z ; after which, still unsatisfied, it recom- 
mences with Ai, Br, &c., till it reaches its maximum. 
Hi (='494, or nearly half an inch). It is used for pinion 
wire, and for round bright steel wire ; ' Music wire ' and 
'Needle wire' being exceptions which have distinct and 
separate gauges of theit own. 'Rope wire' and 'watch- 
spring wire' are also similarly favoured. 

Among sheet metals the following are the principal ones 
which are not referred to the Birmingham Plate gauge : — 

ist, Sheet iron and steel, as already mentioned, 

andly. Zinc, which, being chiefly rolled in Belgium, has a 
gauge of its own, which we give in the Appendix ; sheets of 
greater thickness being referred to the B.W.G. numbers, 
although these run in the reverse direction. 

3rdly, Lead, which is estimated by the number of pounds 
per superficial foot, advancing generally by single pounds 
from 4 lbs. to I a lbs. 

4thly, Copper and Brass, which, when in large sheets 
measuring 4 feet by 2 feet (containing therefore 8 superficial 
feet), are describedby the number of pounds in a sheet. The 
thicknesses of 5-inch and other narrow widths of rolled 
brass, copper, &c., beyond the range of the Plate Gauge, are 
generally expressed by the numbers of the B.W.G. 

5thly, Tin plate ; which is not referred to any gauge, 
being sold in boxes bearing special marks, which indicate 
the number of sheets contained in each, their weight and 
size. A table giving these will be found in the Appendix. 

Lastly, Plates of iron or steel exceeding i-8th (=-125) 
of an inch in thickness, are specified by the number of 
inches and binary divisions of an inch being rolled (in 
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ordinary cases) to eighths, sixteenths, &c This enables the 
weight of any wrought-iron plate to be easily calculated by- 
applying the useful rule which teaches us that — Rolled iron 
weighs 5 lbs. per superficial foot for every eighth of an inch 
in thickness. 

Another example of contact-measuring instrument, and 
one which is to be met with in every workshop in which the 
accurate measurement of cylindrical work of moderate size 
is frequently required, is to be found in the case-hardened 
cylindrical gauges, of which an example is given in Fig. 6. 
To enable these gauges to be used for measuring both in- 
ternal and external diameters, they are made in pairs, being 
called respectively External and Internal, or Plug and Collar, 
Gauges. Provided that they 
are correct in the first in- 
stance, no more ready or 
more certain method of test- 
ing cylindrical work can be 
conceived, — their simplicity 
Fig. 6.-EiKnu>i uid inteniii Gshem. of form and ample Strength 
being for practical use a very 
high recommendation. But each gauge can, of course, only 
be used for the particular size to which it is made, so that a 
very large number of them is generally required. Indeed, a 
complete set of these gauges is an important item in the 
first outlay upon a fitting shop. Consequently an original 
set of standard gauges seldom is, and never should be, used, 
except for the production and correction of duplicates, the 
latter only being handed over for the use of workmen. But 
even when a full complement of these gauges has been pro- 
vided (of which an ordinary set rises by either loths or 
i6ths for the first inch, by 8lhs for the second, thence by 
quarters up to 6 inches —beyond which they are not usually 
made) uneven dimensions will be frequently found to occur, 
for which they render no assistance. In these cases a mea- 
suring machine, such as that shown in Fig. 1 1, will be found 
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to be a most valuable adjunct, as it enables the number of 
standard gauges to be greatly reduced, whilst at the same 
time any intermediate dimen- 
sions can be easily and accu- 
rately obtained. 

By grouping together the 
successive numbers of a series 
of external gauges, so that 
about 8 of them are formed in one piece, their cost is 
considerably reduced Thus modified, they are known as 
Stepped Gauges, one of which is represented in Fig. 7 ; but 
they are obviously of more limited application than the 
gauges last described, and the smaller amount of cylindrical 
surface devoted to each dimension renders them liable to 
more .speedy deterioration. Moreover, as they are not 
usually provided with collars, they cannot be used for outside 
measurements. 

The cylindrical gauges would be too delicate if made 
smaller than one-tenth of an inch diameter, so that for sizes 
below this, down to one-hundredth of an inch. Hat Gauges 
are made, one of which is shown in Fig. 8. The two faces 
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of the gauge are made true parallel planes. In the manu- 
facture of the wire gauges described above, Flat Gauges 
of this kind, made to the exact width of the notches, are 
invaluable for checking their correctness. 

Before, however, proceeding to describe the measuring 
machine just alluded to, it will be well to call attention to 
one or two delicate but very portable instruments, which, 
although they are not often to be met with in a workshop at 
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present, might be more extensively used there with great 
advantage, as they are capable of rendering valuable assist- 
ance to a careful workman. 

The simplest mechanical means by which minute quanti- 
ties can be rendered visible would probably be an arrange- 
ment by which the forward motion of a sliding wedge should 
be made to record every slight increase in its thickness, and 
instruments on this principle have been proposed by Mr. 
Ramsbottom. Their magnifying power, as it were, depends 
upon the amount of ' taper ' given to the wedge ; for instance, 
a wedge lo inches long and i inch maximum thickness 
would have a sliding motion of i-iolh of an inch for each 
i-iooth of an inch by which its thickness varied. .\ modifi- 
cation of them has been used in the locomotive engine 
shops of one of our large railway companies ; the wedge 
being bent into a circle of about lo inches circumference. 
Each complete revolution corresponds to a variation in its 
thickness of r-4th of an inch, so that i-ioooth of an inch 
can tie measured by causing it to revolve through about '04, 
or i-25th of an inch, which is a distinctly visible quantity. 
In most cases, however, this instrument cannot be directly 
applied to the work, and measurements must be made 
througli the intervention of callipers. 

Fig. 9 is a half-size drawing of a pocket instrument, 

which is quite equal to the foregoing in respect of delicacy 

of measurement, and is superior to it in convenience. As 

ordinarily made the screws 

have 50 threads to an inch, 

their heads having 20 divisions 

on the circumference. Each 

division therefore corresponds 

to a longitudinal motion of 

Fig. g.— Thousandth Gags* (!)■ i-ioooth of an inch on the part 

of the screw ; but this by no 

means represents the limit of delicacy which can be obtained 

on this system. It should be noticed that any slight error 
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in the number of threads per inch which there may be in 
the screw can be corrected in graduating one of these 
instruments by recording the number of its revolutions on a 
spiral line, instead of on one parallel to its axis. The milled 
portion of the head Js sometimes provided with an inde- 
pendent ' Breguet ' motion, which obviates any tendency to 
put too much or too little pressure on the article which is 
being measured. 

Another form of instrument, which may be carried in the 
pocket, is shown — alsohalf-size — in Fig. lo. Thescale Ais 
marked with inches, which are divided into fiftieths. By 
means of the vernier B each fiftieth can be divided into 20 
parts, the distance between the inside knife-edges of the 




jaws C C being thus read off to the thousandth part of an 
inch. These jaws being each made exactly i-ioth of an 
inch wide for a portion of their length, they can be used to 
some extent for inside dimensions, two-tenths of an inch 
being in this case added to the reading given by the scale. 
Either this ot the previous instrument can be used for all the 
purposes to which the complicated wire and plate gauges 
above mentioned are applied, and for many others in 
addition. 

But for verilying working copies of gauges — for insuring 
the accuracy of the various templates or patterns of size 
which are in daily use in the workshop—for maintaining 
constant uniformity of measurement, so that perfect agree- 
ment shall obtain between any articles of the same dimen- 
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sions, even though produced at distant periods of time ; for 
all these, and for many similar purposes, the measuring 
machine, with a brief notice of which we will conclude this 
chapter, leaves nothing to be desired. It has been specially 
designed by Sir Joseph Whitworth for workshop use, and, as 
the great importance of accurate measurements in machine 
work becomes more and more generally appreciated, it will 
doubtless be found to be an increasing necessity thereiiL 

The reader who has followed us through the description 
of the millionth measuring machine (Fig. i), given at a pre- 
vious page, will be able, without assistance, to understand the 
general construction and method of using the less delicate 
instrument of which Fig. 1 1 is a perspective view, vVe shall 



perhaps, therefore, best describe it by calling attention to the 
chief points in which it differs from the previous machine. 
In the first place, let us call to mind the difference in the 
duties which each of them has to perform. With regard to 
delicacy of measurement, their respective requirements are 
as far removed from one another as is the accuracy demanded 
of a scientific standard from that which suffices for com- 
mercial purposes ; so that whereas in the one case it is of 
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ihe greatest importance to be able to record the most 
minute quantities— we have seen how the millionth part of 
an inch can be rendered visible, and, if it were possible, it 
would doubtless be desirable to take into account yet 
smaller fractions — in the other it is useless to provide the 
means of measuring distances, of which it is at present im- 
possible for us to take cognisance in mechanical handicraft 
On this account this latter machine is provided with gradua- 
tions, each of which corresponds only to one ten-thou- 
sandth part of an inch. But the principal differences in its 
appearance are due, not to this diminution in magnifying 
power, but to the necessity for enabling this machine to 
admit articles of greatly varying size and form ; since, if it 
could be applied only to measuring the length of bars of 
one particular section, it would be of comparatively little 
use in the workshop. On this account the headstocks, 
which in Fig. i are cast in one piece with the bed of the 
machine, are here separate castings ; one of them being fixed 
at the end of the bed, the other capable of being moved to 
any part of it, and clamped there. The bed bears much 
resemblance to that of a small turning lathe, as also does 
each of the headstocks to the poppet, or sliding headstock, 
by which the back centre is supported. This movement of 
the headstock, which is effected by turning the small wheel 
at the left-hand side of the figure, rotation being thus im- 
parted to a quick -threaded screw within the bed, enables 
the ends of the sliding bars to be placed at one foot or at 
any smaller distance from one another, whilst —owing to the 
height atwhich they are supported above the bed — a cylinder 
of as much as six inches in diameter can be brought into 
position for measurement between them. 

The graduated portions of the instrument are three in 
number — in the first place the inches from i to 1 2 are marked 
upon the surface of the bed, so that the moving headstock 
can at once be approximately placed at the required dis- 
tance ; secondly, the small wheel carried by this headstock 
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has 250 divisions round its circumference, each complete 
revolution of this wheel corresponding to a backward or 
forward movement of one-twentieth of an inch on the part 
of its sliding bar (that being the exact pitch of the screw to 
which it is attached) ; and lastly, the large wheel of the 
fixed headstock has 500 graduations upon its rim. The 
screw to which it is attached having also 20 threads 
to the inch, rotation through the space of one of these 
graduations causes the sliding bar in this case to move 
through ^'iT X -g\^ = one ten -thousandth part of an inch. 
The capabilities of this machine will thus be seen to be far 
more extensive than those of the other and the more sensi- 
tive instrument, and, although its performance may be less 
calculated to excite surprise and admiration, it is far better 
adapted to the fulfilment of every-day requirements. In 
using it standard bars and cylindrical gauges are of course 
required ; this, like the former, being intended for making 
comparisons rather than original measurements. But, as we 
have before pointed out, a small number of carefully kept 
standards only are necessary, since intermediate steps in the 
series can be readily filled up, owing to the facilities which 
the graduated wheels afTord for increasing or diminishing, 
within considerable limits, any dimension which has been 
accurately obtained from a standard bar or gauge In the 
comparison of bars a simple form of support for them be- 
tween the headstocks is desirable, since a ' feeler ' can then 
be used in the manner already pointed out ; but in the case 
of cylindrical gauges, or portions of work, the operation can 
be easily efTected without such assistance, the gauge or other 
article being merely held in the hand and passed between 
the ends of the sliding bars, in the manner shown in Fig. 1 2, 
When the true adjustment has been given to the machine it 
has been found that an alteration of one forty- thousandth of 
an inch in the distance between the bars causes a distinctly 
perceptible increase or decrease in the resistance which the 
cylinder encounters in passing between them. Large gauges, 
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&c., which are too heavy to be conveniently held in the 
hand, may be suspended vertically over the machine ; the 
adjustment can then be given as correctly as in the case of 
the very smallest articles. 

A frequently recurring example, which will serve well to 
illustrate the use of this machine, occurs in fitting together 
two portions of a piece of work — such as a wheel upon an 
axle. If it be required to revolve, the diameter of the bear- 
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ing must be somewhat lai^er than that of the axle ; if to be 
driven on so as to fit tightly, the diameter must be some- 
what smaller. For either purpose the best result is obtained 
only with one particular amount of difference between the 
external and internal diameters ; and when once this has 
been ascertained, it should always be adhered to for the 
future. 

Difference Gauges render it easy to maintain this correct 
proportion. Let us take the case of a wheel which is to 
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revolve upon an axle 3 inches in diameter. For this a clear- 
ance of -003 (three thousandths) of an inch will give good 
results under ordinary conditions, — though the amount 
should depend, amongst other things, upon the lubricant 
which is to be employed, as will be mentioned hereafter, A 
difference gauge of which the diameter exceeds that of the 
standard 3-inch gauge to which the axle will have been 
worked will therefore be required, so that the wheel boss 
may be bored out to it, and so a proper fit be secured with 
certainty. The accuracy of this gauge will be tested thus ; — 
The moving headstock of the machine having been clamped 
at the 3-inch division on the bed, its wheel is adjusted till 
the 3-inch standard gauge can just pass freely between the 
ends of the sliding bars ; the largest wheel upon the fixed 
headstock having been previously set to o, or zero. This 
wheel is then moved through 30 divisions, which gives the 
exact difference required in the distance between the sliding 
bars. Contact with their ends on the part of the proposed 
' difference gauge ' then proves its correctness. 

One-thousandth of an inch is sufficient to, make all the 
difference between a good fit and a bad one, and although 
it might be thought that so trifling an amount could be dis- 
regarded in practice, it cannot be too strongly urged that it 
is by careful attention to such small details in proportioning 
and finishing the working parts of machinery that the best 
results in its performance can alone be arrived at. 
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CHAPTER II. 

ON HAND-TOOLS FOR CUTTING WOOD. 

Cutting-tools, to which our attention must be chiefly con- 
fined in the remainder of the present volume, do not readily 
lend themselves to classification. Hand-tools and machine- 
tools are tolerably distinct from one another, though between 
these even it is not always easy to draw the line ; but the sub- 
division of either of these main groups, except in some incom- 
plete or arbitrary manner, presents considerable difficulty. 

It has been proposed, for instance, to divide hand-tools 
into three classes, viz. paring- or splitting- tools, scraping- 
tools, or shearing- tools, the distinguishing feature of each 
class being the angle between the two faces, the intersection 
of which forms the cutting edge (or what is ordinarily called 
the ihicknas. of the edge), taken in conjunction with the 
inclination at which the tool is applied. And although this 
suggestion by no means helps us out of the difficulty as 
regards classification, these distinctions being neither com- 
plete nor even satisfactory as far as they go, there is never- 
theless something to be said in favour of their threefold 
division. For it indicates the three distinct processes by 
which — or by the combination of which — edge-tools do what 
is required of them in removing portions of the materials 
under treatment, all of which processes are ordinarily in- 
cluded in the term 'cutting.' These are — ist, by splitting 
or cleavage (as with an axe), which can only be done when 
the substance offers less resistance to separation in some 
directions than in others ; zndly, by what may be regarded 
as true cutting, i.e. forcibly separating or dividing the parti- 
cles in any desired direction independently of the natural 
structure of the substance ; 3rdly, by sliding or tearing it 
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apart without having recourse to cleaving {e.g. as in shear- 
ing). For the first of these but little is required of the so- 
called cutting edge but that it shall be of a suitable wedge 
form,^the angle of the wedge vaiying considerably accord- 
ing to circumstances. For the second, we must not only 
have a wedge-shaped edge of adequate strength and hard- 
ness, but also, either forming part of the cutting-blade itself 
or independently of it, there must be some means of direct- 
ing and limiting the actioa In many of the examples which 
will be given, one face of the cutting edge itself forms the 
requisite guide ; in others, a series of such edges rigidly 
connected together one behind another serves a similar pur- 
pose ; and in others again, the guiding surface is formed 
upon the handle or support to which the cutter is attached 
Chisels, files, and planes may be taken respectively as in- 
stances of these. Lastly, the essential peculiarity of cutting- 
tools of the third kind is their being always in two parts, one 
of which is incapable of acting without the other. 

But in attempting to classify the very miscellaneous in- 
struments which are, or might be, included amongst cutting- 
tools, not only must the above differences be kept in view, as 
well as the inclination at which each tool is applied (and this 
we believe to have more to do with the distinction between 
' paring ' and ' scraping' than any variation in the thickness 
of the cutting edge), but the direction of the force by which 
the cutting is effected must be also taken into account Cer- 
tain it is, at least in cases where continuous rapid motion is 
imparted to a tool, or to the work with which it is brought 
into contact— as, for instance, in the case of a circular saw, 
the cutting of a rotary planing-machine, wood in the process 
of being turned, &c. — that the effects produced are quite as 
much dependent upon the speed as upon the angle and incli- 
nation of the cutting edge. No attempt at rigid classification, 
however, will be made in this and the following chapter, in 
which it will be impossible for us to do more than to glance 
briefly at the more ordinary types of cutting-tools used by 
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hand, — some insight into their principles being essential 
to the proper understanding of the action of the various 
machine-tools which form the main portion of our sub- 
ject 

It should be observed that simplicity in the form of a tool 
by no means implies facility in its use. Indeed, the very 
reveree of this is much nearer the truth, and within certain 
limits it may be said that the mote simple the tool, the 
greater is the skill required to use it properly. An extreme 
instance of this will be found in the scriber, which is so 
simple in its form as doubtfully to rank among cutting-tools. 
It consists merely of a straight pointed piece of steel of 
circular section, and it is used by workmen for marking on 
metal, just as a pencil is used for marking on paper. The 
working part of it being merely a point, it has, when used 
alone, no tendency to move in one direction more than in 
, another : the 'guide principle,' as it has been termed, being 
entirely absent A straight, or curved line, can therefore 
only be described with it, if the workman is sufficiently 
skUful to guide it perfectly correctly with his hand, which in 
mechanical work la out of the question. A scriber is in 
consequence invariably used in conjunction with a guiding 
edge of the required form — the difficulty of using it alone 
being for all practical purposes insuperable. 

Neglecting metal tools for the present, we will confine 
our attentions to those used for wood Foremost among 
them is the axi (Fig. 13), the general form of which seems 
to have undergone but little change since the date of flint 
implements, to some of which the axe-head— mote especially 
the American pattern (Fig. 14) — bears no inconsiderable 
resemblance. This pattern, which is less cumbrous than the 
ordinary English axe, has come considerably into use in 
this country. Both of these are sharpened by being ground 
equally on each side of the cutting edge. 

When it is necessary to produce a comparatively flat 
surface with an axe — as, for instance, in squaring logs of 

D 
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timber — a modified form, known as the side-axe, is used, of 
which the edge is ground on one side only. The flat, or 
unground side then forms a guiding surface, which enables 
successive cuts to be made with an amount of precision un- 
attainable with an ordinary axe. 

Still greater accuracy can be obtained with the adze (Fig. 
15), though this is in great measure due to the f 





which it is held. Standing upon his work, and planting his 
blows with wonderful effect upon the timber beneath his 
feet, a good workman wields his adze with such certainty, 
that he can split the sole of his slipper without fear of 
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grazing the skin of his fooL An equally good tool for small 
work is the hand-adze (Fig. 16). In this the handle is 
attached by an iron strap, in a manner quite as effective as 
the usual plan of driving it upwards through an eye, and it 
can be liberated by a single blow from a hammer. Although 
made in Sheffield for exportation, this tool has never come 
into use in this country, though it might do so with advan- 
tage. Indeed, in the use of 
most of the varieties of axe, 
we must confess inferiority to 
our trans-Atlantic and other 
neighbours, who export instead 
of importing theit timber. 
For the magnitude of their 
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strength to resist the treatment to which they arc subjecled; 
the angles of their cross sections therefore vary from about 
25° to 40°, according to circumstances, those of the side-axe 
and adze genenll) approit-hing the smaller, and that of the 
common axe the larger, of these angles. 

Figs. 17 ind i^ show respectively a cast-steel firmer 
chisel, and a stcil factd soiktt chisel, which differ from one 
another chiefl> in the provision lor the attachment of iheir 
handles. I ike the side axe and the adze, chisels of this 
kind have ' single beielled ' edges, being ground on one side 
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only. By keeping the unground side pressed closely against 
the work, the tendency of the edges to run into the material 
can be completely resisted ; the even pressure with which a 
chisel is driven where thus used for paring, being especially 
favourable to this application of the 'guide principle,' In 
this manner small surfaces can be made almost as flat as 
with a plane ; but it should be observed that this can only 
be done as long as the original flatness of the unground face 
of the chisel is not interfered with. 

In the mortice chisel {^\%. 19), which maybe either firmer 



or socket-handled, the guiding power of the unground face 
is also taken advantage of in cutting the vertical sides of 
mortices. Chisels of this kind have considerable extra 
thickness given to the blade, to enable them to stand the 
rough usage which they are liable to meet with. The width 
of their edges and that of carpenters' chisels generally is 
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rarely less than |th of an inch, or more than 3 inches. All 
of these are sharpened by grinding them on one side only, 
as already stated (but which cannot be too strongly impressed 
upon a beginner), at an angle of from 20° to 30°, according 
to the hardness of the material to be operated upon, a small 
facet at a somewhat greater angle (ordinarily exceeding the 
former by about 10°) being afterwards formed upon an oil- 
stone, for the purpose of giving a smooth and clean cutting 
edge. 

The carpenter's gouge (I'ig. zo) is also either socket or 
firmer- ban died, and it is ground and set in the same manner, 
and at much the same angles 
as the foregoing, but the bevel 
being generally on the convex 
side, its cut is much less easily 
guided- 

Except for the removal 
of moderately thin or narrow 
shavings, the pressure of one 
or both hands is insufficient 
for working a gouge or chisel 
Jt is then propelled by suc- 
cessive blows upon the end of 
its handle, for which purpose 
a mailet (Fig. ii) is much to 
be preferred to a hammer. \ 
The latter, whilst more des- 
tructive to the handle of the tool, is less effective in driving 
it into the work. 

From the carpenter's i>aring chisel, an easy ste]) leads us 
to the drain-knife (Fig. 22) ; for although they dificr greatly 
in form, the depth of their cut is controlled in a precisely 
similar manner. This consists, as previously mentioned, in 
keeping the flat side of the blade towards the surface of the 
work, its tendency to run into it being either wholly or 
partially resisted by raising or depressing it. From the 
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position of the handles, it is obvious that a draw-knife could 
not be ajjplied to a surface whose width exceeded the length 
of the cutter ; but, in fact, its use is much more restricted 
b) the amount of power which is necessary to remove, e^en 
from soft wood, a shaving which is wide as well as thick. 
Neither tins, nor any of the preceding tools, the depth of 
whose cut is dependent upon the inchnatioti of the cutter, 
are rompetent to remove very thin or uniform shavings 
With the spokiihave (Fig 23) this is to some extent pos- 
sible, for this tool will 
rf^^^^^WWl' I . . iLJLiil I'll. TT^H^^^t- ''^ found c 



S A 



) differ from the 
preceding m principle, 
much more than in 
form. Fig. 24 repre- 
1 through 
; of a spoke- 
shave, from which it 
Have (a ^^j]i jjg gggj, that the 

piece of (beech or 
other) wood which car- 
ries the cutter is not in 
this case merely a con- 
venient form of handle ; 
it is an integral part of 
the tool itself Run- 
ning along the whole 
length of the blade, it 
forms a guide which 
renders it impossible for 
the cutting edge to penetrate the work beyond a certain 
fixed depth. By regulating this depth we ought to be able to 
remove with this instrument perfectly uniform shavings of 
any required degree of thinness. But in practice, a spoke- 
shave of this sort is by no means as efficient a tool as it 
would appear to be, and It is never employed where much 
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accuracy is required The effect of use is to enlarge the 
tttoulh {i.e. the space between the wooden guide and the 
cutting edge), more especially towards the centre, where it 
gets most work. Grinding the cutter further increases this 
evil, and the cutter itself— of which the upturned ends are 
rather obstacles to sharpening — is liable to have its edge 
much thickened by the process, though this may to some 
extent be prevented by forming a groove in its upper surface 
{see section of blade in Fig. 24). 




In all of these respects the iron-handled spokeshaves of 
the American patterns, of which several are now obtainable 
in this country, are a decided improvemenL The mouth no 
longer becomes enlarged nor its straightness impaired by 
use, and the cutter^reduced to a simple piece of flat steel, 
which may be released by giving less than half a turn to the 
set screw which holds it— can be sharpened as easily as an 
ordinary chiseL 



The action of a spokeshave of this kind is sometimes 
further improved in the manner shown in Fig. 25, by pro- 
viding it with a double blade or ' double iron.' An explana- 
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lion of the reason of this improvement will be found below, 
in the description of single and double-iron planes, in con- 
nection with which the section of the improved spokeshave 
(Fig. z6), may advantageously be compared with that of the 
old pattern (Fig. 24). 

As regards their outward forms the ordinary Jack Plane 

(Fig. 27) and the Smoothing Plane (Fig. 28) are too well 

^^ known to need description, but the 

A/^ requirements which have given rise 

j^^ to these forms deserve a Httie con- 

^^^^^^^^^^R sideratioa 

HH|^^nj|M|^^ In the first place, with reference 

^^^^^Hffl^^^^ to the %tock, which is generally 
made of beech wood, and which 
Smoo.htogpL«). "^^^es the cutter or plane-iron, as it 

is called. Through this stock there is 
a vertical aperture, of which the lower portion serves the same 
purpose as the wooden guide in the case of the spokeshave, 
and forms, with the cutting edge, the mouth of the plane. 
This, as we have seen, would be sufficient to regulate the 
penetration of the cutter, but it would not prevent it from 
following all the inequalities of the surface to which it is 
applied. Now the object of planing a surface is to render it 
flat, by removing its inequalities, and for this it is necessary 
that the cutter should act upon the projecting portions only. 
This end is simply and effectually attained by giving com- 
siderable length to the stock, which causes a plane, in 
operating upon a rough piece of wood, to remove successive 
shavings from the more prominent parts, until they are all 
brought down to the level of the deepest depression in its 
surface When this has been done, a continuous shaving 
can be taken from the whole length of the piece, and the 
surface (if narrow) is approximately flat How nearly it 
approximates to perfect flatness depends upon the skill of 
the workman, who knows, among other things, that he must 
try to plane it slightly ' hollow,' rather than ' round,' since, 
I n .11 Gooi^lc 
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if he uses a plane sufficiently long in the stock, it is impos- 
sible for him to give any great amount of concavity to a 
surface of moderate length. For this reason jack planes, with 

which the first roughing-out of a surface 

is done, have as much length given to / \ 

them as is possible without making them 

cumbrous — i.e. from about 14 

inches. Trying (or tTut-ing) p/anes, whose 

office is to correct the inequalities left by 

the former, are from 22 to 24 inches, c 

if intended for making long joints, in which 

case they are called jointers — 28 to 30 

inches ; whereas smoothing planes, which 

have merely to give the finishing cut to 

the already flattened surface, are only 

about 8 inches long. 

The plane-iron, of which the lower uouhie VHnriron u). 
part of one face only is made of steel, 
was formerly a simple chisel-like blade from ^ths to |ths 
of an inch narrower than the sole of the plane ; but this 
has been greatly improved of late years by attaching to 
its upper surface a second inverted blade of the same width 
as the first Together they form the double-iron shown 
in Fig. 29, which for surtace planes has almost entirely 
superseded the old single-iron. The top-iron, though it 
takes no part in the cutting of a shaving (and consequently 
when once sharp it never again requires sharpening), enables 
the bottom-iron to make a much cleaner cut, more espe- 
cially when the grain of the wood is unfavourable. Fig. 30, 
which shows in section the mouths of a single and of a 
double-iron plane, will explain the reason of this. It must 
be borne in mind that (he tendency of a cut to run with the 
grain of the wood in advance of the cutting edge, which is 
sufficiently obvious in removing a thick shaving, exists also, 
though to a less degree, in the case of a thin one. This 
results, when the direction of the grain is unfavourable, in 
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the continual tearing up of the fibres of the wood in front of 
the plane iron, to an extent which depends upon the thick- 
ness of the shaving and the frequency with which it is 
broken ; for the more often this is done the less leverage can 
it exert in tearing up the succeeding fibres. Now an ordi- 
nary plane has a pitch of about 45°, i.e, the bed upon which 
the iron rests is at that inclination, and this angle is insuffi- 
cient to break a soft-wood shaving if moderately thin ; so that 
although the shaving is smooth, the surface of the work is liable 
to be left rough. As a remedy it might be suggested to in- 
crease the pitch ; but this, though it would certainly improve 
the breaking-power of the iron, would tend to make it scrape 
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instead of cutting. So recourse is had to the double-iron, in 
which the duty of the top-iron is simply to break the shaving 
as soon as possible after it has been cut By means of the 
screw {h. Fig. 29) which keeps them in contact, it can be set 
at any required distance from the edge of the bottom-iron, 
but the more closely it is set the more often is the shaving 
broken, and the more power has the workman to expend in 
the operation. It is therefore set very close to the edge for 
finishing cuts, when the shavings are very thin, and farther 
from it when they are thicker, the maximum being about 
j'-gth of an inch. 

The ordinary angle of the bed upon which the plane-iron 
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reposes was stated above to be about 45° from the sole. 
This is known as common-pitch, and is adopted for all 
surface or bench-plams for soft wood. But for the harder 
kinds of timber, in the working of which a nearer approach 
to a scraping action is admissible, an increased pitch is 
adopted with advantage. The angle of that known as 
York-pitch, which is preferred for bench-planes for ma- 
hogany, wainscot oak, and other hard and stringy wood, 
is 50°, that of middle-pitch, 55°, and that of half-pilch 60°, 
these two being used for moulding planes for soft and hard 
wood respectively. The angle of the bevel produced by 
grinding the bottom-iron of a plane is about 25°, the small 
facet formed upon the oilstone having — as in the case of a 
chisel— a further inclination of some 10°, so that the actual 
angle of the cutting edge is about 35°. 

Some hints as to the maintenance of the edges of plane- 
irons and hand-tools generally will be found at the end of 
present chapter, so that we will only mention here that the 
iron is removed for the often -recurring operation of sharp- 
ening, and is afterwards replaced, and ' set ' as follows : — 
The wedge which holds the plane-iron having been released, 
—in the case of a smoothing-plane by one or two blows 
from a hammer or mallet on the hinder end of the stock, in 
that of a jack or other long plane by similar blows upon its 
upper surface near the opposite extremity,— the double-iron 
can be removed from the aperture in the stock. The upper 
iron should then be separated from the lower by loosening 
the screw (a. Fig. 29) and passing its head through the en- 
larged end of the slot in the lower iron. As already stated, 
the top-iron, when once brought to its proper shape, requires 
no further treatment whatsoever, its sharp edge being only 
necessary to insure its perfect contact with the face of the 
bottom-iron, by which, when in use, it is completely pro- 
tected. Laying this aside therefore, the operator confines 
his attention to the bottom-iron, the under or bevilled face 
of which he grinds and sets as required, leaving the upper 
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face altogether untouched, or at most only rubbing it very 
slightly on the oilstone in such a way as not to impair its 
flatness. 

This done, the top-iron is replaced, screwed-up securely, 
and the double-iron is returned to the stock. The wedge 
which holds it being driven up lightly in the first instance, 
the plane is then ' set ' by a succession of taps with a light 
hammer upon the end of the iron, or upon the stock, ac- 
cording as the projection of the edge beiow the sole is insuf- 
ficient or excessive. By running the eye along the sole 
fix)m front to back, the amount of this projection can be 
easily seen. It must of course vary with the thickness of 
the shaving which it is intended to remove, the wedge being 
driven up when the desired set has been obtained. 

In course of time the mouth of a plane gets considerably 
enlarged, by which its power of breaking the shavings is 
diminished and its action interfered with. To remedy this, 
the part of the sole immediately in front of the cutter is 
occasionally made of iron. Cabinet-makers, who carry the 
use of the plane to the 
greatest perfection, use 
stocks which are wholly or 
in great part made of iron 
or brass Some of these 
have a single iron inverted, 
~p^^ _ instead of a double one, 

s«iion of Mouih of Brass Plane. more especially if (like 

miir^-planes) they are in- 
tended for planing across the grain of Ihe wood, when no 
special precautions for breaking the shavings are required. 
The mouth of a plane of this kind is shown in section in 
Fig. 31, the stock being entirely of brass, with the exception of 
a piece of wood u[)on which the iron is bedded. The angle 
of the bed is in this case only 21°, but the reversed position 
of the iron, which is ground at an angle of zo" and set at 
about 30°, makes it equivalent to a pitch of about go°. The 
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extreme fineness of the mouth, coupled with this increase of 
pitch, compensates for the absence of a break-iron in planing 
hard and cross-grained wood, even in the direction of its 
fibres, with a tool of this kind. In this, as well as in the 
preceding sections, the portion of the blade which is left 
white approximately indicates the portion of the ' iron ' which 
is made of steel. 

Planes with cast-iron or steel stocks, in which the thick- 
ness of the shaving can be exactly regulated, either by an 
adjusting lever or a thumbscrew, 
and which dispense with the ham- 
mer also in the removal of the 
iron for sharpening, &c., are now 
imported from the United States. 
One of these, with the thumb-screw 
adjustment, is shown in Fig. 32. ^'°- 3'- 

The various forms of plane for A«.r™, smoch-i-w. 
special purposes are too numerous even for mention here. 
Amongst them axt-^moulding planes (Fig. 33), for ' running ' 
various kinds of beads, flutings, ogee and other mouldings, 
which have their soles made of hard wood and formed to 




the converse of the mouldmgs they produce ; rebate-planes, 
in which the lower part of the plane-iron is increased to 
the full width of the sole, and is frequently set obliquely ; 
and many others, of which the irons are single, and the 
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performance more or less del- ctive. But since the intro- 
duction of wood-moulding machinery, their occupation has 
in great measure gone. A very useful but complicated form 
of plane is the plough shown in Fig. 34, which is capable 
of cutting grooves of varying widths, depths, and distances 
from the edge of the work ; the first being regulated by the 
width of the ' iron,' the second by a stop worked with the 
thumb-screw which appears at the top, and the third by 
the adjustable 'fence,' seen projecting below it in the 
engraving. 

In concluding these few remarks about planes it should 
be mentioned that although a sharp and fine-mouthed plane 
imparts to a wooden surface a flatness and a smoothness 
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which can scarcely be ini|)roved upon, yet the final finish is 
often given by other means. 

Scraping,— the system upon which, as we shall presently 
find, the perfection of highly finished metal work is so 
largely dependent,— is applicable only to the harder kmds of 
timber. For these, however, the Wood Scraper (Fig, 35) 
forms a very efficient tool, capable of giving a true and clean . 
surface to hard wood even when ' cross-grained. ' It consists 
merely of a small steel plate, clipped, for convenience, by 
an easily removable handle. The scraping edge is either 
sharpened on an oilstone e.v:actly to a right angle, and used 
in that condition, or a slight ' burr ' is thrown up by bur- 
nishing the edge with the stem of a large brad-awl, or any 
similar piece of steel harder than the scraper itself. A roui^h 
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idea of the effect of this may be gathered from the diagram 
(Fig. 36), in which the edge of the scraper, much enlarged, 
is supposed to be seen in section. 

A piece of window-glass is sometimes used as a scraper, 
but there are many objections to it for this purpose. 

It is when ground, sifted, and glued upon paper or cloth 
that glass becomes a valuable assistant to the worker in 
wood. With glass-paper ox glass-dotli the final smoothing of 
the more finished kinds of wood-work is almost always per- 
formed, the method of applying it to flat surfaces generally 
being to fold it over a piece of cork with a flat rectangular 
face ; and similar means applicable to curved surfaces will 
readily suggest themselves. To the turner and the polisher 
too glass-paper is almost indispensable. The following are the 
sizes generally used in London : — No. 00 or ' Flour ' (which 
is the finest) ; No. o ; No. i ; No. 1^ ; Fine z (or f 2) ; 
Middle 2 (or m 2) ; Strong 2 (or s 2) ; No. 2^ ; and No. 3 
(which is the coarsest). 

But we must pass on to what are perhaps the most indis- 
pensable of all the tools of the wood-worker, viz. Saws, of 
which some familiar examples will be found in Figs. 37, 38, 
and 39. The size and shape of the blade, its thickness, and 
the form and pitch of the teeth, are their chief distinguish- 
ing characteristics. We will briefly examine their differences 
in these respects, and the causes of those diflerences ; which 
will be seen, by referring to p. 52, where they are given in 
the tabular form adopted many years ago by the late Mr. 
Charles Holtzapffel, to range between much wider limits 
than is usual amongst hand tools. The table contains only 
a small number of saws, such as are most likely to come under 
notice, but of course many other varieties might have been 
included between the two extremes— the ro-foot pit-saw on 
the one hand, and the fret-saw, scarcely thicker than a horse- 
hair, on the other. 

The Hand-saw (Fig. 37) may be taken as the type of all 
the ' taper ' saws handled at one end, which make their cut 
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during the forward or downward stroke. Being intended 
for straight cuts only, considerable width is given to the 
blade, so that it may have but little tendency to deviate 
from the straight line. At the same time it is very desirable 
that the blade should be equally able to resist the thrust at 
all parts of the cut, and this is sufficiently secured by making 
it 'taper.' The thickness of a taper saw blade is also regu- 



lated by the same consideration ; for, provided that the 
strength be sufficient, the thinner a saw blade is made, the 
less material does it waste in making a cut, and the smaller 
is the amount of power which must be expended in the 
operation. Thus compass-saws (Fig. 38), and others which 
have narrow blades, so as to enable them to saw round 
curves of moderate radius, have much greater thickness 



given to them than is necessary or desirable for hand-saws, 
so as to compensate for the diminished width, though this 
thickness is considerably reduced by grinding the back of 
the blade much more than the front in the process of manu- 
facture. 

Back-saws (Fig. 39), which are strengthened by a piece of 
iron or brass folded over the back of the blade, are able to 
have the thickness very much reduced, but as the depth of 
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the cut is limited to the width of the blade, it is necessary 
to make saws of this kind parallel instead of tapered. 

By reversing the teeth of a saw, so as to make it cut 
during the backward instead of the forward stroke, the thick- 
ness and width for enabling it to resist flexure is rendered 




;=w(u 



unnecessary ; for, whereas a thrust has a tendency to bend 
the blade, a pull only tends to straighten it. But with a 
few exceptions — such, for instance, as the saws with thin 
curved blades, which have now superseded the cumbrous 
double -toothed pruning-saws of forrner days —this principle 
is only applied in this country when the blade is stretched 



i 



in some kind of frame. In all these bow-saws (such as Fig. 
40), the thrust is taken by the frame, and the pull or tension 
only by the blade, which can therefore be reduced, both in 
width and thickness, to any required extent Saws of this 
kind are therefore used for sawing out all curves of small 
radius, for cutting metal, ivory, and other substances of which 
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it is an object to waste as little as possible, and also in 
the endless-band sawing machines. Pit-saws and the 
smaller sizes of cross-cutting saws also frequently have 
fiames, and on the continent of Europe and elsewhere 
frame-saws are advantageously used for many puqjoses to 
which they are not applied in England. 

Three types of Saw-J^eth, to which most of those for- 
merly in use in this country may be referred, are shown in 



Fig. 41 ; A being usually adopted for single -handled saws, 
varied, however, as to the angle of the tooth so as more or 
less to resemble A' ; B being almost confined to pit-saws 
working in the direction of the grain of the wood, and C to 
large cross-cut saws used for cutting across the grain. 

It is evident that a saw-tooth which is well adapted for 
producing a clean cut in one of these directions would be 
ill adapted for doing so in the other, — at least in the case of 
fir and other soft timber. For in sawing with the grain the 
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readiness with which the short section of fibres sliced off by 
each tooth'parts from the fibres by its side (owing to their very 
slight lateral cohesion) assists in the operation, and a fairly 
clean cut results. But in cross-cutting special provision is 
required for cleanly dividing the fibres at each side of the 
cut, after which the removal of the intervening fragments 
can be accomplished readily by cleavage rather than by cut- 
ting. The rationale of the above forms of tooth is thus clear. 
The sharp chisel-like edges of the gullet tooth (B) are well 
adapted for slicing the fibres of the wood transversely ; the 
cross-cut teeth (C), consisting of a series of lancet-like points 
acting alternately at each side of the cut, divide the fibres 



cleanly, but leave the cut portions to crumble out as best 
they can ; and the hand-saw teeth (A) are a sort of com- 
promise between the two, so that they can be used either for 
' ripping ' in the direction of the grain or for cutting across it, 
though not with the best possible results. 

The yi-teeth (Fig. 42) provide both for the clean separa- 
tion of the fibres and the removal of the fragments, in which- 
ever direction the saw may be moving. They are thus an 
improvement upon ordinary cross-cutting teeth, and are 
coming much into use, in spite of the drawback which 
attaches to ihem of requiring special files for sharpening them. 
In the saw shown in the lower half of the figure perforations 
are introduced with a view to saving labour m filing. 
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According as hand-saw teeth are formed to the angle of 
A or A' (Fig. 41), the amount of pressure required to force 
them up to their work is increased or diminished. This 
'feeding' pressure, as it may be called, depends largely upon 
the position of the handle with regard to the general line of 
the teeth, so that a wide taper saw, with the handle high 
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above this line, such as the Hand Saw (Fig. 37), will require 
teeth resembling A, whereas the Compass Saw (Fig. 38), in 
which the handle is below rather than above the line, will ad- 
mit of teeth of the more greedy form A'. The hardness of the 
wood upon which a saw is intended to be used also influences 
the angle of its teeth. But however suitable the form of the 
teeth may be in the first instance, the eflliciency of a saw can 
only be maintained by sharpening and sei/ing it from time to 
time. Of these two operations the object of the first is to 
renew the cutting edges which have become blunted, at the 
same time bringing each exactly into line with its fellows and 
spacing them equally throughout ; that of the second to pro- 
vide the means of obtaining sufficient extra width in the saw- 
cut (or saw-kerf) to enable the blade to pass through it 
freely and without ' binding.' 

The only method of sharpening with which we need con- 
cern ourselves is that of saw filing, as a grindstone clearly 
cannot be used for the purpose, and saw sharpening, or 'saw- 
gumming' machines, by which the teeth of large saws are 
very successfully treated with artificial emery wheels, are not 
as yet applied to the angular teeth of hand saws, to which 
we will confine our attention. 

For these, triangular, or three-square files, are invariably 
employed, on which account the angle between the face of 
one tooth and the back of the next is in almost all cases the 
same as those of an equilateral triangle, or 60". Outline 
sketches of 'taper' and 'parallel' three-square files, and also 
of the ' gulleting ' and ' topping ' files used for gullet teeth, 
will be found in Fig. 68, In order to apply them con- 
veniently, the saw— having been previously removed from 
its frame, if it be a bow-saw — is fixed with its teeth upwards, 
in a vice, or a sawing-horse, the latter, however, being 
seldom or never used except for pit-saws. But whatever 
the form of holder, the object to be attained is to support 
the saw blade between two jaws of wood or other soft 
material, at as small a distance from its teeth as can be done 
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without interfering witfi the free use of the file. This, before 
being applied to the individual teeth, should be removed 
from its handle, and passed lengthwise a few times along the 
points of the whole of them —those at the ends, which come 
in for a smaller amount of wear, frequently requiring to be 
lowered or * topped ' more than the others, in order to bring 
them to the same level By this treatment a small horizontal 
facet will be left on the point of each tooth. In filing each 
of them separately — which is the next step — its newly 
formed point must be brought exactly to the centre of this 
facet, which can be readily done by removing a larger pro- 
portion from the face or from the back of the tooth, as may 
be required The file, however, should not be inserted 
into each space consecutively. When filing fine teeth it is 
advisable, and when filing coarse ones it is necessary, to 
do them alternately from opposite sides, and this is most 
easily effected by omitting every alternate space in the first 
instance, then releasing the saw 
from the vice, turning it end for 
end, and filing those previously 
omitted The file is seldom held 
at right angles to the saw blade, 
but is inclined to it both hori- 
zontally and vertically to a greater 
or less degree, according as it is 
intended to make the cutting end 
of each tooth approach more 
nearly to the chisel-like edge, 
which (as already pointed out) 
is efiective only for sawing in the 
direction of the grain, or to the 
lancet-like points of a cross-cut 
saw. For general purposes the vertical inclination is apt to 
be about one half of the horizontal, as the diagram (Fig. 43"! 
shows. Bearing in mind that (in filing angular teeth) the 
handle of the file should never be raised above its point — 
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in other words, that the stroke should be upwards instead of 
downwards, and that the greater the noise the less is the 
effect produced upon the saw^the reader will have no diffi- 
culty in determining for himself which are the spaces which 
should belong to the first series and which to the second. 

In the above diagram it will be observed that the teeth 
are not in line with the saw blade, but that their points are 
bent alternately to the right and left, so that their cut will 
exceed the thickness of the blade to an extent depending 
upon the amount of this bending, or set, as it is called. 
Without the clearance due to this ' setting,' saws could not 
be used in soft wood, which requires it much more than 
hard wood. Whether little or much, the amount of the set 
'should be perfecdy even throughout, which can best be 
judged of by observing the back view, where the points of 
the teeth appear somewhat in the manner 
represented in the wood-cuE (Fig. 44). 

There are various ways in which the set 
can be given to the teeth. The saw-maker 
lays the toothed edge of the blade upon a 
small curved stake or anvil, and with one 
or two blows from a light, narrow-faced 
hammer he quickly bends each alternate tooth 
downwards, to an extent depending upon 
the curvature of the anvil, and the position of 
the tooth upon it When half the teeth have 
been done in this way, the saw is turned 
end for end, and the other half is similarly 
treated. 

Joiners and others who are users, but not 
makers, cf saws, generally employ some kind 
of saw-set in preference to the saw-setting 
hammer. In its most simple form a saw- fio.^,, 

set may be merely a piece of steel plate of Set ors»w-T«th. 
a thickness not exceeding the width of the 
saw-tooth, having in its edge a parallel-sided notch, equal 

I n. II, Google 



J6 Workshop Appliances. [Chap, 

in width to the thickness of the blade. For convenience, 
however, a saw-set is usually provided with a number of 
notches of varying widths, so as to enable it to be used 
for saw-blades of different thicknesses. The saw to be 
operated upon is fixed with its teeth upwards, in the 
same manner as for filing, and the teeth, separately in- 
serted a short distance into a notch of suitable width, are 
alternately bent in opposite directions by raising or lowering 
the handle of the saw-set. To do this equally to all the 
teeth without any kind of stop or guide is by no means an 
easy task, and since uniformity of set is of such great im- 
portance, some less simple saw-set generally produces more 
satisfactory results in inexperienced hands. The addition 
of an adjustable stop to the notched plate is of some assist- • 
ance, as it prevents the teeth from being bent to diiTerent 
angles ; but those known as patent saw-sets, by which the 
teeth are clipped between the jaws of a pair of pliers of 
peculiar form, are provided with adjustments which leave 
nothing to the discretion or the indiscretion of the operator. 
In others, again, a kind of miniature swage is held up by a 
spring over a small stake or anvil, upon which the saw-block 
rests. A single blow from a hammer at the top of the swage 
completes the set of each tooth, perfect uniformity being 
insured by adjustments which regulate the inclination of the 
blade and the distance to which it can extend on to the 
anvil. These saw-sets, if made more generally applicable to 
saws of various shapes and sizes than they are in their pre- 
sent form, would probably be found to be more speedy and 
effectual than any others. 

As a test of the uniformity with which the operations of 
setting and sharpening a saw have been conducted, it has been 
suggested to place a needle in the angular groove formed 
by the tops of the teeth (which appears in the section in 
Fig. 43). On gently raising one end of the saw, the needle 
should run from end to end without leaving the groove. 

Although our mention of the setting of saws has been 
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deferred till after the subject of filing them had been dis- 
missed, this order is not that which should be followed in 
the process of sharpening. If, indeed, so large an amount of 
topping be required as almost to amount to re-forming the 
teeth, the course adopted in the original manufacture — in 
which they are brought to their true form, set, and then 
sharpened by filing— may be advantageously foHowed j but 
in ordinary cases, setting should precede filing. The ' burr' 
thrown up by the file, which has much to do with the 
keenness of a newly sharpened saw, is then retained un- 
injured. In fret-cutting and some other Icinds of saws 




this burr constitutes their only set ; but as the preva- 
lent practice is to file such teeth from one side only, instead 
of alternately from opposite sides, these saws have the ten- 
dency to ' draw,' instead of making a straight cut, which 
is always the result of giving more set to one side than to 
the other. 

Of the wood-tools generally used for boring, the brad- 
awl (Fig. 45) seems to claim precedence, not indeed from 
the perfection of its performance, but because, being very 
simple in its form and speedy in its action, it enjoys a sort 
of monopoly wherever small holes have to be made in soft 
wood. When properly placed, with its edge across, and not 
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in the direction of the fibres, so that it may cut them instead 
of merely forcing them asunder, a sharp brad-awl — espe- 
cially if driven with a hammer or mallet instead of being 
worked by hand — will produce in deal and other loose- 
fibred woods a fairly clean and circular hole, without much 
danger of splitting, as Fig. 46 will serve to explain. For 
boring hard woods, which require a portion of their substance 
to be removed, brad-awls are not adapted, as they have 
no means of effecting this. 

Recourse is then generally had to the plain gimlet, or 
to the twist gimlet (Fig. 47), although in this latter the 



strength is insufficient for boring woods of which the hard- 
ness is excessive. The size of gimlets like those shown in 
the figures does not in general exceed § of an inch ; others, 
however, resembling the screiv-auger (Fig. 50) are as much 
as ^ of an inch. The pointed screw by which they are made 
self-feeding has considerable tendency to split any wood that 
is given to splitting, and the insufficient sbe of the groove to 
contain the whole of the material displaced causes a gimlet 
soon to become choked This necessitates its frequent with- 
drawal when boring a deep hole, whereby its naturally slow 
action is rendered slower. At best, indeed, this tool is far 
from perfect, the expenditure of both time and power being 
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out of all proportion to the effects produced. But it is per- 
haps to these imperfections that we owe the introduction of 
pointed wood screws, which are a very great improvement 
on the old-fashioned ones with blunt ends. 

For either of these older forms the twisted shell gtmlei 
(Fig. 48) may generally be substituted £»;--'?-— 3 
with advantage, as it is almost free from •"■^ ■■■ 
the foregoing objections. The Jong 
tapered end which it gives to any hole 
which does not pass through the mate- 
rial may, however, be objectionable in 
some cases. 

The principal tool for boring holes 
of which the diameter or the depth is 
too great for a ghnlet, is the auger. The 
shell-auger and also the screw-auger — fig. ts.— TvriHtd 
which has to a great extent superseded ° p™=". 

it for boring soft wood — are shown in Figs. 49 and 50. Bnt 
for hard woods their great strength is likely to enable shell- 
augers to hold their own, in spite of the advant^es which 
their rivals possess in being self-feeding, capable of being 
worked with much less power, and not so liable to become 
choked. The cutting ends of a shell-auger and two kinds 
of screw-auger are shown enlarged in these figures. For 
fixing the long cross handle, by which the requisite lever- 
age for working an auger is obtained, the upper end of 
the stem is either drawn out to a tang of great width but 
slight thickness, which can be driven through the centre of 
the handle and clenched ; or an eye is formed, through 
which it can be passed. In the engravings the shell-auger 
(Fig. 49) is 'tanged,' and the screw-auger (Fig. 50) is 
' eyed ' ; the tang being always placed with its greatest 
width across the grain of the wood, so as to reduce the risk 
of splitting it. Occasionally the tang is made square, like 
that of a brace-bit, which enables one handle to serve for 
several augers. The diameter of the cutting part of an auger 
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generally ranges from | of an inch to 2 or 2\ inches. Shell- 
augers of 3 inches diameter and upwards were formerly used 

for boring wooden pumps and pipes, but with them ihey 
have now ceased to be manufactured. Shell-augers when 
once started— an operation in which they require the assist- 
ance of a gouge or other tool — are kept straight in their 
course Iq" the guiding power of the hollow parallel 'shell,' 



which extends for some inches above the cutter. But the 
friction thus produced consumes so much power, especially 
in the lai^er sizes, that it is more advantageous to bore a 
hole of large diameter in two operations ; first making a 
small hole, truly concentric with thai required, and after- 
wards enlarging it by means of a tool on the same principle 
as the plug-bit shown in Fig. 56. This, however, does not 
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apply to those screw-augers which have two cutting edges, 
the resistance encountered by one edge being equal to that 
met with by the other, so that the whole tool is in a state of 
equilibrium, and little or no guiding is required. We shall 
revert to this subject in connection with the drill {see Fig. 73). 
None of the preceding tools are well adapted for fine 




work, in which it is essential that holes should be perfectly 
smooth and accurate. For these purposes a brace and set of 
bits offer great advantages, not the least of which is the 
number and variety of borers which can thus be carried in a 
small space. The English pattern ai brace (or stock) is shown 
in Fig. 51, and an American brace which contains several 
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important improvements upon it, in Fig. 53. In this the 
jaws are so constructed that they will accommodate them- 
selves to almost any square -shanked bit, independently of 
its size or the amount of its taper, and they can even be used 
for holding round shanks. Their principle will be under- 
stood from the enlarged section of them given in Fig. 52, 
The ratchet, which is ingeniously arranged to drive in either 
direction, as required, the portion of the brace shown in the 
section, is intended to be used only in places where there is 
not room for the crank to make a complete revolution. 
The set of bits which accompanies an English brace con- 
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sists of from one to three dozen, of different sizes, the follow- 
ing being the principal kinds which it generally includes : — 
Quill-bits (Fig. 54), for boung across the grain of the 
wood only, which they do both well and quickly, cutting the 
fibres instead of tearing them apart. These, and almost all 
other brace-bits, are fed by the pressure of the chest of the 
workman against the top of the brace. 

■ Nose-bits (Fig. 55), differing only from quill-hits in having 
at their extremity a transverse cutter, which enables them to 
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be used for boring in the direction of the grain. They much 
resemble shell- augers. 

Centre-bits (Fig. 56), for boring holes of small depth {up 
to about two inches in diameter) at a single operation, or 
rather by two distinct operations which are carried on simul- 
taneously. A triangular pin or 'centre' carries on one side 
a knife-edge or ' nicker,' and on the opposite side a ' cutter.' 
The distance between the centre and the outer face of the 
nicker is exactly equal to the radius of the hole produced, 
the width of the cutter being rather less than this. At each 
revolution the nicker makes a clean circular incision, and 
from the space inclosed by it the cutter then removes a 
helical shaving, whose thickness depends upon the pressure 
applied to it. The efficiency of this tool is much greater 
when it is used across the grain of the wood than in the 
direction of it. For boring a lai^e hole concentric with an 
existing small one a centre-bit is not adapted, unless the 
central pin be enlarged so as completely to fill the * hole 
which is to be followed It is then 
called a plug-bit, but it is a tool of 
special rather than general application. 

Besides these, a set of bits generally 
contains taper-bits or rimers (of which 
Fig. 57 shows that used for wood), c 
tersinks, for enlarging the entrance of 
holes to admit the heads of screw 
which Fig. 59 shows two kinds, 
one or more screwdrivers. 

Spoon-bits (Fig. 58), used for the ^ 
same purpose as nose-bits, to which 
they are superior, are also to be found 
in the larger sets. ^^ »joun«™nk and 

Three patterns of bits which are of 
more recent introduction, and are not quite so well known 
as the foregoing, are given on the next page. All of these 
are seli-teeding, as wood-boring tools should be. 
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Screw-bits (Fig. 60) ; very superior to centre-bits, for 

which they would more often be substituted if their prime 
cost were not considerably greater. 

Twisted Shell-bits (Fig. 61), similar to the gimlets already 
figured (Fig. 48). 

Expanding Centre-bits (Fig. 62), with which holes can 
be bored exactly to any required diameter within tolerably 
wide limits. 

With these the examples of wood tools must end. 
The list has been necessarily a meagre one, but our 



endeavour has been to take a small number only, and 
those for the most part well-known ones, and to ob- 
serve something of the principles upon which they act ; 
at the same time noticing the direction which improvement 
in them is now taking, or in which it seems still to be 
desirable. 

But however well suited to their purpose and excellent 
in quality his tools may be, a handicraftsman cannot turn 
out thoroughly good work if he neglects or improperly 
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'carries out the renewal of their cutting edges from time to 
time. The following notes in connection with hand-tool 
grinding and setting may, therefore, prove serviceable, and 
tney are especially recommended to the notice of a beginner, 
who should include these most important operations amongst 
his earliest lessons. 

On attempting, for instance, for the first time to sharpen 
his plane-iron, he will almost certainly find himself beset 
with difficulties. Assuming that his grindstone runs per- 
fectly true and that its face is neither ' hollow ' nor ' round,' 
the selection and maintenance of the proper angle at which 
to hold the tool will be found to be far from an easy matter, 
any variation either In its height or in the angle at which it 
is applied to the stone causing a fresh facet to be formed 
upon it The tendency is thus to grind the bevelled face 
convex, and this must be carefully resisted by obliging it 
constantly to keep the same position. When this has been 
successfully accomplished, the face will be slightly and uni- 
formly concave, to an e\tent which will vary with the' 
diameter of the grindstone. Attention must also be paid to 
forming the edge of the tool square to its sides, by keeping 
every part of it evenly pressed against the stone ; which is 
most easily done by placing the fingers of the left hand on 
its upper surface, as nearly as possible over the centre of the 
bevel which is being ground upon its lower one. The amount 
of pressure which must be applied will of course vary much 
with the width of the tool, and it will also be influenced by 
the direction in which the grindstone is revolving, more 
being required when its upper portion moves away from the 
operator, and less when it runs towards him. In the latter 
case, however, the edge of the tool is more liable to catch, 
and thereby to damage both itself and the face of the stone ; 
whilst in the former a wire edge somewhat difficult of re- 
moval is thrown up directly the grinding has been continued 
sufficiently long to obliterate the small facet previously left 
by the oiktone. An obvious remedy for this is to discon- 
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tinue the operation before the grindstone quite reaches the 
cutting edge, whenever the removal of notches or other 
inequalities does not necessitate its continuance. In the 
case, therefore, of such tools as, after being ground, are to be 
finished upon an oilstone, the direction in which the stone 
revolves may be said to be immaterial. For others — such 
as turning tools for metal— of which the cutting edges are 
often wholly produced upon the grindstone, it is preferable 
that it should be driven towards the operator. 

Since the difficulty of grinding edge-tools properly is 
enormously increased if the grindstone be allowed lo lose 
its true cylindrical form, or if its face be worn unequally, 
care should always be taken to guard against this by giving 
a slow lateral motion to a tool whilst it is being ground. 
Neglect of this in the case of those which are flat but of 
small width— such as chisels, &c, — soon results in the forma- 
tion of a hollow at the part of the stone at which the work 
is chiefly performed, which causes it to give a curved instead 
of a straight edge to those— such as plane-irons — of which 
the width is greater. These indeed cannot possibly be 
ground correctly, if the centre of the grindstone face be worn 
hollow to any considerable extent 

In grinding carpenters' gouges and other tools of which 
the bevelled edge is curved, this traversing motion is even 
more necessary, for if held constantly in the same position 
they very rapidly ' score ' the face of the stone and make the 
commencement of a groove, which is not easily got rid o£ 
AVhere much use exists for gouges or any kind of tool of 
which the convex surface requires to be frequently ground, 
it is preferable to devote a separate stone to them and to 
allow its face to become grooved When their edges, 
although curved in one direction, are straight and at right 
angles to their length, the required curvature can be easily 
given by constantly turning the wrist of the right hand, in 
which the tool is grasped, backwards and forwards through 
a larger or smaller arc of a circle according to the amount 
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of the curvature. Gouges, however, are ground occasion- 
ally on their concave instead of on their convex sides, and 
for these as well as for various moulding and other tools, 
grindstones, if used at all, must have corresponding projec- 
tions turned upon their faces. But in such cases— as also 
in sharpening the generality of boring tools, &c.— the grind- 
stone is frequently abandoned in favour of the file ; or 
recourse is had to an iron or copper lap charged with emery 
powder. Or— ^which is now the more usual practice in the 
grinding of all difficult shapes— emery is used in the form of 
the consolidated emery wheels, to which we shall revert in 
connection with machine tools. 

In order to prevent the temper of edge-tools from being 
injured by the heat generated in grinding them, arid also to 
maintain the face of the stone in the best condition for 
'cutting ' the steel, water is supplied to it, either by allowing 
a small quantity to drip upon the face or by letting the 
stone dip into a trough of water. Which of these two 
methods is preferable depends upon the nature of the stone 
and the speed at which it revolves. A practical disadvantage 
of the water-trough is, that it begets the temptation to leave 
the stone standing in the water whilst at rest, of which the 
result is to soften it, and to cause it to wear unequally. If at 
any time from this or from other causes a grindstone betrays 
any eccentricity, the process of turning up, though not per- 
haps an agreeable one, should at once be performed. If de- 
ferred, the evil will always be found to increase, until at last 
it becomes intolerable, and 'hacking' (i.e. dressing off the 
more prominent parts with a hack hammer) must be resorted 
to. It is indeed the best method of correcting large grind- 
stones, whether much or little has to be removed from their 
face ; but for small ones it is only necessary in extreme 
cases, in which it is preliminary to, but not a substitute for, 
turning. For this latter purpose the stone should be dry 
and should be driven slowly, the tool, which is generally a 
worn-out three-square file, being held with its point slightly 
,H,glc 
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inclined downwards upon a rest fixed as closely as possible 
to the face of the grindstone. The triangular section of the 
tool enables a fresh edge to be brought into play by merely 
turning it over as soon as its upper edge ceases to cut 

Of the various kinds of grit-stone which are used for 
grinding, that known as Bilston (from the place of that 
name in Staffordshire, where it is extensively quarried) is by 
far the best suited for sharpening the generality of hand- 
tools, having a fine and quick-cutting grain without too great 
hardness. Others obtained from Northumberland, York- 
shire, Derbyshire, &c, are much used in the manufacture of 
cutlery and hardware, but for the most part (although they 
vary considerably) they are of coarser grain, and conse- 
quently require to be driven at a much higher speed. For 
grinding the concave facets of moulding tools, and for some 
special purposes for which great smoothness of grain is re- 
quired, thin discs of a good but costly kind ol Bohemian stone 
are employed. Some years ago Mr. Frederick Ransome 
turned his attention to the manufacture of grindstones by 
the artificial process with which his name is connected, and 
these were reported to have certain advantages over the 
natural stone, amongst others being that of a reduction in 
the first cost. 

The hones and oilstones available for setting the edges 
of aitting-tools form a much larger class than the stones 
used for grinding them. But although these are obtained 
from many parts of the globe, they for the most part occui 
either within very narrow limits or in comparatively small 
pieces — this, indeed, being more especially true of some of 
the best varieties. On this account they are rarely mounted 
and used in the same manner as grindstones, although if 
they were obtainable in equal abundance this would pro- 
bably be the general practice. As it is, the workman is 
obliged to content himself with a rectangular piece from five 
to nine inches long, upon the surface of which he produces 
a small facet at the extreme edge of his plane-iron or other 
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tool, by rubbing it briskly backwards and forwards as nearly 
as possible along its entire length. To prevent an oilstone 
from getting broken — an accident to which some kinds are 
very liable — and to protect Its oily surface from dust, it 
should always be mounted in a piece of hard wood and be 
provided with a cover. 

In theory the operation of setting a cutting-tool— like 
that of grinding it — is simplicity itself ; t>eing merely the 
formation of two flat facets inclined to one another at a 
certain angle, their intersection forming the cutting edge ; 
and indeed in tools which are ground with a single bevel it 
is only necessary to produce one of these facets, the flat 
ynground side taking the place of the second. But in prac- 
tice there is great difficulty in continuing the operation just 
so long as to obtain the complete intersection of the facets 
at all parts of the edge, without anywhere throwing up the 
wiry film already mentioned, which is formed upon the oil- 
stone as well as upon the grindstone. Its presence, how- 
ever, is quite incompatible with the possession of a keen 
and durable edge, and its removal must therefore be effected 
whenever it occurs ; which may be done, though not very 
readily, by drawing the edge across a piece of soil wood, or 
over the thumb nail. In any tool ground with a single bevel, 
slight treatment of the unground side also upon the oil- 
stone will be found to assist in removing the wire edge, but 
in doing this care must be taken to keep it flat on the stone 
and in no case to form a facet on its edge, which, as already 
pointed out, in almost all cases is a certain method of 
destroying its efficiency. Chisels and other straight- edged 
tools, when being set, are best held in such a manner that 
the direction of the motion of the hands is nearly but not 
quite at right angles to the line of the cutting edges, as may 
be seen in the operation of setting a plane-iron, v/hich is 
represented in the engraving. Fig. 63. But in the case of 
carpenters' gouges — which we have before taken as the type 
of edge-tools with this kind 01 t-urvature — tt is preferable to 
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set the edge by moving it in the direction of its length. For 
this purpose the right hand, in which the tool is grasped, is 
held considerably to one side of the stone, every portion of 
the edge being then brought into contact with its surface at 
each forward or backward stroke by means of a similar 
wrist motion to that given in grinding it Concave facets, 
which of course cannot be produced upon a flat stone, are 
formed by means of oil slips, which are merely thin pieces 



Fig. 63.— Sctling a Plane-iian. 

of oilstone of which the edges are rounded with the required 

curvature. 

The chief points which require to be attended to in con- 
nection with an oilstone are : ist, the maintenance of its 
flatness, which it always loses with use, owing to greater 
wear taking place at the centre than at the ends. It must, 
therefore, from time to time be surfaced by grinding it 
down on the side of a grindstone, or with fine sand and 
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water upon a flat stone or metal surface. Secondly, its 
cutting power must be preserved ; the coagulation of the oil 
upon its surface frequently either wholly destroying or 
greatly interfering with the abrading action of the particles 
of silica, to which both gritstones and oilstones owe their 
property of acting upon hardened steel. For this the best 
remedy is to rub the face occasionally with a lump of 
moistened pumice-stone. In every well-regulated work- 
shop, both grindstone and oilstone should be constantlj 
kept in a state of eflSciency, and be ready for use at any 
moment 

The following are the principal kinds of hone and oil- 
stone from which a workman is likely to be able to make 
his selection — the order in which they are placed being 
approximately that of their abrading power ; those at the 
top of the list being the 'fastest cutting," a quality which 
is generally accompanied by a want of fineness in the edge 
produced. 

1. Washita Oilstone.— A very compact white sandstone, 
of rather recent introduction, almost resembling Carrara 
marble in appearance. Although it does not greatly differ 
in price from Turkey stone, its much greater uniformity 
and sightly more rapid cutting property cause it to be in 
more favour with carpenters and others, with whom coarse- 
ness of ei^e is not an objection. 

2. Turkey Oilstone.— When of good quality no better 
subsUnce can be employed for setting tools for which great 
fineness of edge is not required, since it cuts the hardest 
steel with avidity, even when but little pressure is applied. 
At the same time it is of a close grain, and is not easily 
scratched. Unfortunately it is very variable in quality, as it 
is also in colour ; the latter, which is called 'white,' 'grey,' 
or ' black,' being generally a veined mixture of different 
shades of bluish and brownish greys. Its cost is about three 
times that of the stone next mentioned 

3. Chamley Forest Stone. — Found near Mount Sorrel, in 



J2 Workshop Appliances. (Chap. 

Leicestershire. This is the best of our native oilstones, and 
has long been a favourite with carpenters and others, that 
from the Whittle Hill Quarries, which is of a grey colour, 
dappled or streaked with red, being considered to be the 
best Till lately this has hardly been obtainable — the only 
representative of Chamley Forest stone being a rather 
inferior one with a decided green tint. Both of them, how- 
ever, give a very fairly fine edge, but do not cut quite so 
rapidly or with as slight pressure as Turkey. 

4. Canada Oilstone. — A very fine porous sandstone of a 
greyish white colour, which has been recently introduced. 
Being much less compact than any of the preceding stones, 
it is much more rapidly worn away. Its first cost is, how- 
ever, rather less than that of Charnley Forest. 

5. Grecian Hone. — Under this name a slaty stone is 
imported, which is of a greenisii colour, and, although said 
to be superior to Welsh oilstone, does not greatly differ from 
it in appearance. 

6. Welsh Oilstone. — A hardish stone of a green colour 
and slaty texture, inferior to the Charnley Forest for joiners' 
use. In price it is about the same, as also is the Grecian 
hone, No. 5. 

7. Arkansas Oilstone. — Cuts slowly, but Is very superior 
to all those above mentioned for giving a fine edge to 
surgical instruments, &c. Although extremely costly — its 
price being about four times that of Turkey stone— it is 
extensively used for such purposes. In colour it resembles 
Washita oilstone, but it is of very much finer grain and wears 
away very slowly. 

8. German Hone. — Thin slabs of a very soft yellow 
stone, cemented upon a rather harder but similar material 
of a slate-blue colour, are imported and sold under this 
name. The extreme softness of the former renders it 
almost useless for such edge-tools as we have been con- 
sidering, although it is well adapted for setting razors. 

Besides the above, some other kinds of atone, used with 
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water instead of with oil, may be employed for sharpening 
edge-tools. Such is the Water of Ayr Stone, of which the 
chief use, however, is for smoothing marble, copper, &c. — 
purposes which are outside our subject 

When greater smoothness of edge than can begiven with 
any of the above hones is desired, it may be finished, after 
setting, by giving it a few strokes under a light pressure on 
a leather strop ; though for wood tools in general this is not 
required. Passing it a few times over the palm of the hand, 



Fig. 64. -Edge of g sharp Raior, x looo. 

which is not an uncommon practice amongst workmen, has 
doubtless a similar effect. 

Absolute smoothness, however, appears to be quite un- 
attainable — at least with a thin edge. The approximation 
to it in the case of a razor, carefully set and stropped, is 
shown in Fig. 64, which represents a portion of the edge of 
a new ' Army ' razor, as seen under a powerful microscope. 
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CHAPTER in. 

ON HAND-TOOLS FOR CUTTING METAL. 

One distinguishing feature of cutting-tools for iron and the 

harder metals is the much greater thickness which is given 

to their edges, their cutting angles being generally from 50" 

to 90°, and in some cases as much as 120° ; whereas those 

of wood-tool^ as we have seen, rarely exceed the smallest 

of these angles, and are for the most 

^^^^^^ part much below it Chisels, for in- 

^^^^^^t^ stance, when they are intended to be 

^^^^^^ used for chipping wrought iron, have 

H their edges ground to an angle of 50°, 

^1 and, when cast iron has to be operated 

^1 ^fe upon, to an angle of 60° ; although 

^1 ^1 thin edges, if they could be made to 

^1 ^B Stand (which they cannot), would un- 

^1 ^1 doubtedly require a smaller amount of 

^1 ^1 power to be expended in making a cut. 

^1 H| In working the harder metals by 

^1 ^9 hand, the chipping chisel driven by a 

^1 f'M succession of blows from a hand ham- 

^1 E|^ mer (ordinary forms of both of which 

^H p".^ are shown in Fig. 65) constitutes a 

^1 more important tool than its represent- 

|H ative among wood-tools ; the hard and 

m stubborn nature of these materials en- 

FiG. «;.— Hamiiur and ti^'ely forbidding the use of anything 

Chipping chUei(i), corresponding to the axe, with which 

the first roughing-out of timber can be 

effected. On the other hand, it might be thought that, by 

careful forging and casting, the desired forms could be pro- 
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duced without any subsequent treatment, and where 
moderate correctness only is required this is so to a great 
extent And the desirability of dispensing entirely with 
costly finishing processes in all such cases is becoming 
increasingly recognised. But wherever great accuracy of 
form is essential — as in the working parts of good machinery 
— these cannot be dispensed with, as the oxidised surface 
of an iron or steel forging, or the hard gritty skin of a cast- 
ing would be unsuitable even if it were true. And the 
necessity often arises, even in these days of machine tools, 
fOT treating some portion of such surfaces in the old way — 
by hand-chipping and filing. 

In the case of small surfaces this is generally com- 
menced by cutting away the entire skin, to the depth of 
about 3*a of an inch, with a chipping chisel of about the size 
and width of edge represented above (i.e. from 6 to 8 inches 
long, and from ^ to i inch wide) ; but in the treatment of 
lai^e surfaces the operation is much facilitated by first 

making a series of parallel groves with a 

cross-cut chisel, of which Fig. 66 is an 

example, though its edge may even be 

much narrower with advantage. Its width 

regulates that of the grooves, and their 

distance apart should not exceed the 

width of the chipping chisel with which 

the intermediate portions of the material 

are to be removed When small V-shaped 

grooves have to be cut with a chisel, its 

shape is modified accordingly ; the single 

bevel with which it is ground then present- ^'^'ch'iMHiT*"' 

ingthe form of a 'lozenge,' or 'diamond' ; 

on this account it iias received the name of a Diamond-point. 

The weight of the hand hammer ordinarily used with a 

chipping chisel varies from one to two pounds — its form also 

varying according to the fancy of the workman. 

The depth to which the edge of a chisel penetrates is 
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regulated by the strength of the blow and the angle at which 
it is held Since, in the choice and maintenance of the 
latter, the angles of the double -bevel led edge render little or 
no assistance — in other words, since it possesses so very 
small an amount of guiding power— it is not to be wondered 
at that proficiency in the art of using a chisel can only 
be acquired by practice. Among other points a beginner 
should remember : First, that the edge of a chisel may be 
slightly rounded wilh advantage in the direction of its 
length, so that its corners may not have a tendency to score 
the work or be so easily broken off ; secondly, that in operat- 
ing upon any surface of which the width exceeds that of 
the chisel, the line of advance should for the same reason 
be kept constantly convex ; and thirdly, that if he desires 
to avoid collisions between his hammer and his knuckles, 
he will do well to keep its face and the end of his chisel 
free from grease. 

For large castings, or for portions of them firom which a 
considerable quantity of metal has to be removed, Flogging 
chisels, which are held in hazel rods or ' withes ' by one 
man and struck with a sledge hammer by another, are sub- 
stituted for the ordinary hand chipping chisels. But in 
many cases the skin of a casting is removed by grinding, or 
by ' pickling ' it with dilute sulphuric acid, which dissolves 
some of the iron and thereby releases the particles of sand ; 
either of which methods renders unnecessary the tedious 
and expensive process of chipping. 

We next come to the consideration of Files, which 
form a very extensive class, upon which, more than upon 
any other, the users of such tools as belong to the present 
chapter are dependent Although in technical language 
they are not comprehended amongst cutting tools, any 
more than saws are included amongst the edge-tools used 
for wood, we cannot see that any good purpose would 
be served by excluding either the one or the other from 
the positions which they here occupy. The use of files is 
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by no means confined to the working of metals, some kinds 
—as we shall see — being but little adapted for the treat- 
ment of hard materials, yet this constitutes by far the larger 
proportion of their duty. On this account we have hitherto 
omitted all mention of them, preferring to group together 
the whole of those which can be noticed within the nanow 
limits at our disposal 



For the complete description of almost every individual 
file, five different properties must be stated :— First, its 
length ; secondly, its contour ; thirdly, the form of its cross 
section ; fourthly, the kind of ' cut ' by which its teeth are 
formed ; and lastly, its degree of fineness. The examples 
represented in Fig. 67 will explain this ; the first of them 
being a 9-inch, taper, flat, bastard, double-cut file ; the 
second a o-inch, taper, half-round, smooth rasp ; and the 
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third a 6-inch, taper, three-square, second single-cut saw- 
file. With these characteristics we will deal seriatim. 

The length of a file is measured in inches from the 
shoulder to the extremity, the tang or point for driving into 
its handle not being included 

The contour is described by the terms /Bw/Ze/ (or blunt\ 
and taper (or pointed), which explain themselves. But 
'parallel' includes all files of which the width is. tolerably 
uniform throughout, although the thickness may be con- 
siderably greater near the centre than at the ends. Indeed 
very few files have their section really equal throughout their 
length. Files are sometimes said to be more or less bellied 
according as they are much or only slightly tapered. In the 
latter case they may also be described as blunt-pointed. 
Examples of both taper and parallel files will be found in 
Fig. 68, which gives the 
A B c D outline of those generally 

M ^_ i L used for sharpening saws. 

^ ~ ~ In Fig. 69 types of most 

of the file sections in com- 

m ^ -^ -met- ™°" "^^ ^^^ ^^*^"' "^^^ 
(^ ^S i^^^ ■^^^ are known by the following 

names : — 

HI A. Square files, which 

^^ j^^^ I -^^>- are made both taper and 

f parallel They frequently 

Fic 69.-Seciioiisof Fiks., havc onc safe side ; i.e. one 

side left smooth. 

B. Mat files, amongst which a large proportion of tl.e 

files used for mechanical work must be included, although 

many of them have special names by which their variations 

in width, thickness, and outline are distinguished. Such 

are : — Mand files, which are nearly parallel as to their width, 

but whose thickness is far from being uniform throughout 

Taper fiat files vary to a still greater extent in thickness, and 

also have their sides ' bellied." Parallel hand files approach 
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more nearly than hand files to unifoimity of thickness and 
width, and equalling files attain to it in point of thickness, 
and are generally also parallel in width, and thinner than 
most of the preceding ones, Pillar files and Cotter files are 
of rectangular section, but nanrower than hand files. Mill- 
saw or Topping files, both taper and parallel, are shown at 
e and /in Fig. 68. One or both of their edges are frequently 
rounded as in the half-section c, Fig. 69. Some hand, 
equalling, and other files have their edges similarly rounded, 
and some have bevelled edges, as in the half-section d in 
the same iigure. 

K Hound files, when small and taper, are known as raf- 
tail files. Under the name of Gulhtting files {c, Fig. 68) 
parallel round files are used for deepening the ' gullets ' of 
the saw-teeth of that name. 

F. Frame-saw or Fit-saw files {d. Fig 68) are parallel (or 
sometimes taper) files of this section, which can be used for 
both ' gulletting ' and ' topping,' 

G. Half-round files are almost always taper. Those of 
the section v have more right to the name, but they are not 
included except as 'high-back half-round.' Most of the 
half-round files made in Sheffield are nearly of the propor- 
tions given in the section (c) ; but those made in Lancashire 
are of three different ' heights ' ; the thicker and the thinner 
sections being known as high-back aiiA flat-back respectively. 

H. Cross or crossing-files, sometimes r^led double half- 
round. They are made both taper and parallel. 

K. Three-square files, shown both taper and parallel in 
Fig. 68. They are very much used both for sharpening 
saws and for general purposes. 

L. Cant files, generally parallel, and cut on all three 
sides. 

M. Knife-edge or Knife files, either taper or parallel 
N. Feather-edge files, almost always parallel 
Many of the small files used by clock and watch makers, 
although the sections resemble those above given, are known 
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amongst them by special names, derived for the most part 
from the particular use to which they are chiefly applied. 
Thus the crossing file (h. Fig. 58) in all probability owes its 
appellation to the convenience of its section for filing out 
the cross arms of clock wheels. Neither this nor the 'cant,' 
' knife,' or ' feather-edge ' files are often to be found in the 
workshop of the engineer. 

Rubbers are large and coarse files, made of an inferior 
quality of steel, which are sold by weight. They are gener- 
ally of the form and section given 
in Fig. 70, and are used for rough 
manufacturing purposes, but not for 
the higher kinds of work. 

Bent files, called Rifflers, are 
made of various degrees of curvature. 
One of them is represented in out- 
line in Fig. 71. They are the only 
kind of file which can be brought 
to bear upon concave surfaces which 
have any considerable curvature in 
more than one direction, and they 
are therefore of occasional use in 
the workshop, especially among 
brass finishers, who use them for 
filing up concave mouldings in brass 
ri^.70. r,^. 7.. castings. 

With regard to the various kmds 
of cut by which file teeth are produced, we must mention 
that English files are divided into two distinct classes— 
Sheffield files and Lancashire files (Sheffield and Warrington 
being the places where they are chiefly made), and that 
these differ from each other in several particulars. Of these 
the most important formerly was the superiority of those 
made in Lancashire in respect both of form and durability, 
but, as far at least as the lai^er kinds are concerned, this no 
longer holds good to a sufficient extent to compensate for 
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their higher price, although the small files used in clock- 
making, &c, are still exclusively Lancashire. To one point 
of difference between them attention has already been called 
in connection with the 'half-round' section (g. Fig. 69) ; 
another is the fact of the ' cut ' of Lancashire files, being 
only of the first kind given on the -following page, so that 
our description must be understood to apply only to those 
sold as 'Sheffield.' 

In Fig. 72 are represented the three principal kinds of 
cut by which files are divided into double-cut files (which are 
always meant when ' files ' are spoken of without any par- 
ticular cut being specified), Single-cut files, or Floats, and 
Jtasps. Besides these there is also another, which differs 
from the first only in the obliquity of its two series of cuts, 
(one of them being almost square across the file) : it is 
known as the JVhv cut, and is said to have special merits 
for filing wrought iron. But the first of them is by far the 
most largely employed, almost all the files used for metal, 
as well as cabinet-makers' files, and many others, being 
double- cut Saw-files, however, are an exception, all 
varieties of them being frequently, though by no means 
invariably, single-cut ; these when in use being considered 
by many persons to ' cut sweeter ' than those which are 
double-cuL To these the term ' float ' is not applied. Floats 
are extensively used for preparing brass for burnishing, 
and rasps chiefly for wood, bone, and other comparatively 
soft materials. 

In addition to the kinds of cut, the engraving, Fig. 72, 
shows also many of the degrees of fineness in which files are 
made, together with the names by which they are dis- 
tinguished. The teeth are represented of the actual sizes 
which they would be in files 12 inches long, those of smaller 
files being finer, and those of larger ones somewhat coarser. 
The complete series is given in the case of the doiible-cut 
only, both floats and rasps being also made of about six 
different degrees. 
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As far as the double-cut is concerned, the engraving re- 
presents with tolerable truth the teeth of Lancashire as well 
as of Sheffield Ales, but among the former the finest are 
known as superfine, and not as ' dead-smooth.' The number 
and the accuracy of the teeth in soKie of these is certainly 
wonderful. Mr. Holtzapffel mentions having himself found 
that one of the smallest and finest Lancashire files contained 
nearly 300 cuts per inch of its length ; yet these are pro- 
duced entirely by hand— machine -cutting, although it has 
been carried out with some success on the Continent of 
Europe, having hitherto made but little headway in this 
country. The operation is of such interest, as illustrating 
the very high degree of perfection which may result from 
skilful manipulation, that we cannot refrain from giving a 
slight outline of the process, which is conducted as follows:— 
The sofl cast-steel blank is placed on an anvil with the tang 
towards the operator, and is there held by means of a foot- 
strap ; a suitable piece of lead or pewter being interposed 
whenever its section requires a V-shaped or other special sup- 
port, or when the under side has lieen previously cut. Com- 
mencing at the point, the file cutter then makes a series of 
cuts with a chisel of which the width rather exceeds the 
width of the cuts, striking it with a hammer which is strictly 
proportioned as to weight to the amount of burr to be 
thrown up at each cut, or, in other words, to the degree of 
coarseness of the teeth. In order to place the chisel cor- 
rectly he slides its edge a little way along the greased surface 
of the blank, till it comes into contact with the burr of the 
preceding tooth. The height of this burr, and the greater 
or less inclination given to the chisel, thus determine the 
space by which each succeeding tooth is in advance of the 
previous one. Double-cut files have two series of cuts in- 
clined in opposite directions to the axis of the file, the edges 
of the teeth produced by the first series being veiy slightly 
smoothed over before the second series is commenced. For 
rasps the straight -edged chisel is replaced by a pointed 
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punch, and in their case the evenness of the teeth depends 
solely upon the skill with which the file-cutter hops the 
punch into the right positions. In whatever pattern he 
may choose to arrange the teeth, his object should always 
be to place as few of them as possible exactly behind each 
other. 

After being cut, files are straightened and hardened, 
during which process they are coated with a mixture which 
protects their teeth from the direct action of the fire. 

Drills, which are, perhaps, the next more lai^ely used of 
workshop appliances, trench so closely upon the province of 
'machine-tools,' that it is difiicult to say how far they may 
be properly included in this chapter. For a drill without 
some mechanical arrangement by which sufficient speed or 
power for driving it can be obtained, is as useless as an 
auger without a handle, or a plane-iron without a stock. 
In default of a better distinction, we shall, therefore^ only 
notice here some of the steel drills themselves, and the 
portable braces, &c., in which they are sometimes used. 

Most drills for metal have two similar cutting edges, a 
characteristic by which they may be broadly distinguished 
from those used for wood. This makes them, from a mechani- 
cal point of view, much 
4*:=:^ c^-~^ '"°''® perfect instru- 
ments, as will be seen 
from the diagram. Fig. 
73, which gives sectional 
plans of a spoon-bit (a), 
a centre-bit (b), and a 
drill (<f) ; the hole bored by each being represented by the 
circle. Supposing the rotary motion to be produced in 
each case by two equal and opposite forces, it will be 
noticed that in a one only of these forces is employed in 
cutting ; the other being expended in merely pressing the 
back of the shell against the side of the hole, giving rise to 
the great friction and heating to which tools of this class 
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are subject In i a portion of this opposite force is utilised 
in driving the ' nicker,' the remainder producing a side 
strain upon the central pin. In c, however, both of them 
are wholly consumed in cutting, and, the tool being in 
perfect equilibrium, it is possible for it to maintain the 
straightness of its course and the circularity of the hole 
without such support as is afforded by the shell in the one 
case and by the central pin in the other. But this distinc- 
tion does not obtain universally, in each class there being 
some exceptions ; such as the double spiral screw-bit pre- 
viously mentioned {Fig. 60), and the Swiss drill (i) in the 
engraving below, which are examples of doub!e-edged 
wood-borers and single-acting metal -drills respectively. 

In Fig. 74 the cutting portions of various kinds of drill 
are represented. Of these a is the ordinary watchmaker's 

,-a, ^ ,^ ^ • / /■ 



drill, which, although it scrapes rather than cuts, is more 
efficient than might be expected, when its size is small and 
its revolution rapid. For a drill of this kind indeed, which 
is to be driven alternately backwards and forwards — which 
these generally are— double-bevelled edges are belteradapted 
than those with a single-bevel, since the latter, although they 
might cut more quickly when revolving in one direction, 
would do nothing when moving in the other. One great 
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disadvantage in this form of point is that the diameter of 
tlie hole produced by it is altered every time the drill is 
sharpened ; which, however, can be obviated by making its 
sides parallel for a short distance above the cutting edges. 
From doing this another result — and a most important one 
— also follows, viz, the sides are enabled to assist in the 
guidance of the drill, which is thus rendered much less liable 
to change its direction during its advance, in consequence 
of any slight alteration in the direction of the pressure 
applied to it, or any other cause. With a drill of the fonn 
i, which also cuts when revolving in either direction, it is 
almost impossible to drill a hole otherwise than straight ; 
and however frequently it may be sharpened its original 
diameter is maintained 

The rest of the drills in the engraving are adapted for 
cutting in one direction only. Those which resemble f have 
but little inclination to enter the material which is being 
drilled, since the angle of their cutting edge is by no means 
acute, and its front face is either at right angles to the sur- 
face upon which it is operating, or is slightly tilted forwards. 
This, combined with the bluntness of the point — which is 
an evil inseparable from this form of drill — necessitates, in 
the case of the harder metals at least, the application oi 
considerable _;^tfi/('«^ pressure, so that a drill of this kind may 
be kept up to its work ; its action is then not otherwise than 
rapid, and is perfectly analogous to that of the metal cutting 
tools used in the lathe. The great heat evolved, howevei; 
forbids any but a very moderate rapidity being given to it 
By simply forming a groove in the front face of each of the 
cutting edges, as shown in that marked d in the figure, any 
desired degree of aculeness can be given, the strength of 
edge required for the particular material under treatment 
being the only limit to the extent to which this may be done. 
To this plan, however, the much greater amount of grinding 
necessary whenever the edges of the drill require to be 
renewed is an objection. 
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Two kinds of drill, in jvhich the principle of making 
them self-guiding by providing them with parallel edges is 
fully carried out, are shown in «and/ The former is known 
as ih&Jiufed drill, and the latter is the twist drill. Theii 
difference, as far as their cutting edges are concerned, cor- 
responds with that just pointed out with reference to the 
drills c and d. In < the front face of each edge (which is_ 
formed by one side of the groove nr fluting) is perpendicular 
to the surface of the work, so that the depth of its cut is 
dependent upon the feeding pressure. But in / by the 
simple and beautiful expedient of carrying the groove spirally 
round the stem, any moderate inclination can be given to 
this face, and, however much the extremity may be ground 
away, its angle always remains invariable. In sharpening 
either of these drills, it is necessary to grind the extremity 
in such a manner that the lower face of each cutting edge 
shall form a portion of an independent spiral, instead of 
allowing both of them to become part of'one and the same 
conical surface. In/' the spiral face is shown much exag- 
gerated, but its pitch may be slightly varied according to the 
nature of the material to be drilled and the extent to which 
the strength of the edge may be reduced in operating upon 
it But however strong an edge may be required, the point 
must never be absolutely conical, of which the effect would 
be similar to that of grinding the drill c without any bevel 
(i.e. with the cutting angle equal to the following angle of its 
edge), in which case no available pressure would suffice to 
feed it. Consequently the 
small angle which this 
face form 5 with the surface 
of the work — which cor- 
responds with that called 
by Mr. Babbage the 
'angle of relief in the 
case of metal turning and 
planii^ tools — is absolutely essential to the working of a 
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drill ; and with every increase ip this angle a correspond- 
ingly diminished pressure is capable of giving an equal 
amount of feed ; in other words, the more greedy the drill 
becomes. The superiority of twist-drills has of late years 
been increasingly recognised, and they are now extensively 
used for drilling iron and even for steel, as well as for softer 
materials. But for working them to full advantage the 
regular and accurately directed pressure obtainable with a 
lathe or drilling- machine is necessary. (See Chapter VII.) 



In drilling holes of very small diameter, we have seen 
that the pointed form of tool employed by watchmakers and 
others requires rapid rotation alternately in opposite direc- 
tions, with but little feeding pressure. These conditions 
are well satisfied by the ordinary bow-drtU {a. Fig. 75), the 
method of using which will be evident from Fig. 76. The 
drill is either fixed in a stock, as shown above, or is itself of 
sufficient length to carry a wooden sheave or barrel, round 
which, when in use, the string of the drill-bow takes a single 
turn, the pointed end of its stem resting meanwhile in a 
shallow centre hole in a sheet-iron breast-plate, strapped 
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round the chest of the workman ; or, if the work cannot con- 
veniently be so fixed that the drill may be held horizontally 
(or nearly so), the breast-plate may be held in the left hand, 
by which, when the drill is small, ample pressure can be 
applied. In i, Fig. 75, is another fonn of bow-drill stock, 
for which no loose breast-plate is required A coarse screw- 
thread cut upon the surface of its barrel saves the gut, of 
which the bow string is generally made, from chafing at its 
point of crossing. The bows in question, when small, are 
almost invariably made of whalebone, lai^er ones being 
generally made of cane, but occasionally of sleel. 

The Archimedean drill-stock (Fig 77) is an invention 
which dispenses with the neces^ty for either breast-plate or 




bow, the motion of the right hand being, by means of the 
spirally grooved stem, converted into rotation, which in its 
constant change of direction resembles that obtained from 
the drill bow. But it is by no means an equally economical 
application of power, and— probably on that account — it has 
not at preseftt done much towards supplanting the bow-drill 
amongst those who have much use for such instruments. 
The many-threaded spiral shown in the engraving is pro- 
duced by twisting a piece of pinion wire — but the grooves 
of these drill-stocks are frequently much fewer in number 
and of larger size. 

The btvtl-ivktel drill-stock or <5ra«(Fig. 78} may in many 
cases be conveniently used for drilling holes which are of 
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lai^r size than those for which the foregoing stocks are 
adapted ; but which, at the same time, are not so large as to 
require a greater amount of feeding power than is obtain- 
able by letting the flattened head bear against the chest of 
the workman. Its construction is sufficiently clear from the 
engraving ; but the proportion between the bevel wheels in 
some of these stocks is such as to give a greater, and in 
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others to give a less velocity to the drill than that of the 
winch handle by which it is drivea 

Passing on to yet larger sizes, for which the above method 
of feeding the drills is inadequate, we come to the old — but 
simple and etficient~J"«VA'j brace, which is represented in 
position for use in Fig. 79. It will be observed that it 
requires to be constantly associated with a cramp, one end 
of which must be provided with a feeding screw ; unless, 
indeed, the brace itself contain one, in which case the cramp 
may consist simply of a slout bar bent to the requisite form 
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(In the engraving both ihe cramp and the biace have feed- 
ing screws, but this is superfluous.) For drilhng small 
articles, the cramp must in turn be supported in a tail- or 
bench-vice (as in the figure), or the place of this may be taken 
by a pillar, either temporarily or 
permanently fixed to the bench, 
on the surface of which the work 
is then placed, an adjustable 
horizontal arm carried by the 
pillar receiving the thrust from 
the upper end of the braca An- 
other method of feeding the drill, 
which has long been employed in 
blacksmiths' shops, is to arrange 
a lever in such a manner that a 
heavy weight at one of its ex- 
tremities may constantly press 
downwards upon the brace placed 
below it near the other ; but 
this, although it is superior to 
the cramp or pillar arrangement, 
since it gives a continuous and 
self-acting feed, can hardly be 

classed amongst portable forms FTn.79.— Smiih-sBraM(i). 
of drilling apparatus. 

When portability is a main consideration— more especially 
as in such cases the space required for working an ordinary 
brace is fi-equently not available — some kind Qi ratchet-brace 
is almost always substituted for it. This admirable contriv- 
ance is represented in Fig. 80 almost in its original form ; 
and although much ingenuity has been expended in devising 
modifications of it, its general principle and appearance have 
remained unaltered. The stock, in the lower part of which 
the drill is fixed, contains its own feeding -screw, of which 
a portion appears in the engraving below the elongated 
hexagonal nut By this nut, which forms the entire upper 
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portion of the stock, the feeding screw is wholly concealed 
when it is screwed home. The hand-lever on the right in 
the figure is capable of revolving round the body of the 
stock, but as the stock has a ratchet-wheel upon it and the 
lever carries a click, the effect of imparting to it a backward 
and forward motion is to cause an intermittent revolution 
of the stock and the drill which is fixed in it At the 
same time any desired feeding pressure can be obtained by 
simply arresting the upper portion of the stock during the 
forward movement of the lever. A short length of the 
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feeding-screw is thereby withdrawn, so that the distance 
between the point of the drill and the lop of the stock 
is increased. A simple cramp is of course in general 
a necessary adjunct for this as well as for the plain 
brace, but its height can be very much reduced ; as 
can also the distance from any high projecting portion 
of the work at which the drill can 'be applied with this 
instrument. 
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After a hole has been drilled, its sides not unfrequently 
require smoothing, or it may have to be enlarged. For 
either of these purposes rimers or broaches are the tools 
generally used ; their forms and their cross- sections, as also 
their sizes, varying according to the purpose for which they 
are intended. Two ' taper ' rimers are shown in Fig. 81, in 
which the angles do not exceed 90°, and are favourably 
placed for cutting rather than for scraping, which is not the 
case when the cross-section consists merely of a flat-sided 
figure with five, six, or even eight sides, as it sometimes does. 
In using rimers of this kind, a very trifling downward pres- 
sure is required, for their finely tapered form causes this to 
be converted into a powerful lateral thrust against the sides 
of the whole, which in their case constitutes the true feeding 
pressure. For leaving the side of a hole parallel 
instead of making it taper, rimers are not unfre- 
quently made of equal diameter for the greater . 
part of their length, the whole of the cutting 
being then performed by the sharply tapered ex- 
tremity with which they are provided, the upper 
portion serving only as a guide. Or a similar 
eflect may be produced by giving them a ' bel- 
lied' form and retaining the cutting angles ^ ■ 
throughout their whole length, but with these 
the perfect straightness of a hole cannot be r'^j^ 
secured with equal certainty. 

If a rimer be made, not from a plain conical piece of steel, 
but from one on whose surface a screw-thread has been 
previously cut, it is evident that, if its advance at each 
revolution be equal to the pitch of its screw, it will produce 
a counterpart of the thread in the interior of the hole 
through which it is passed. 

Internal or ' female ' screws are produced by means of 
screw-tafs, exactly on this principle. The old method of 
doing this consisted in applying to the hole which was to 
be 'tapped' a tapered screw-tap of hardened steel, upon 



94 Workshop Appliances. [Chap. 

the conical surface of which a screw-thread had been pre- 
viously cut to an equal depth throughout its length, three 
or four flat facets having been afterwards filed upon it to 
at least the depth of the thread. Its section thus resembled 
a 01 ^ in the accompanying cut (Fig. 82), from which it 
will be evident that — especially in the 
cas^. of a — the exceedingly obtuse 
angles which they presented were quite 
icapable of cutting, and could only 
remove ine material from the hollow 
portion of the thread by a slow scrap- 
ing action. This, together with a considerable amount of 
burring or pressing up of the raised parts of the thread, 
enabled them to operate with tolerable efficiency upon 
wrought iron and other malleable metals, but with cast 
iron they were almost entirely incompetent to deal. Under 
the most favourable circumstances the process was a very 
slow one, the tap requiring to be worked backwards and 
forwards several times as each slight advance was made ; 
the full depth of the thread in a nut or in any other 
' thoroughfare ' hole being attained only when the whole of 
the screwed portion of the tap had passed through it. Con- 
siderable force was necessary to cause the tap to advance at 
all) and this was applied by means of a long bar or lap- 
wrench with a square hole at its centre, into which the 
squared upiier end of the tap was fitted. But in order to 
give it sufficient strength, this square portion was made 
larger than the rest of the tap ; consequently, after doing its 
work, one of these old laps could not be removed from the 
hole without being unscrewed through its whole length, 
which entailed much waste of time. 

Many improvements have been introduced into the hand 
'screwing tackle' used at the present day, to the construc- 
tion and manufacture of which Sir J. Whitworth has devoted 
much attention. Fig. 83 shows a set of three screw-taps, 
■nsisting of a taper, an intermediate, and a plug-tap. A 
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cross section to a lai^er scale— which applies equally to all 
of them— is also given in the figure ; by which the great re- 
duction in the cutting angles 
and the superiority of their 
position wil^ regard to the 
surface to be cut, which re- 
sults from the adoption of 
this fluted form, is rendered ■ 
evident. For in the sections 
b and a, Fig. 82, these angles 
exceeded 120° and 135° re- 
spectively, whereas in the 
present case they are not more 
than 90°, and the front face of 
each (the arrow showing the 
direction in which the tap 
revolves when working) is 
radial, so that it can remove 
the metal from between the 
threads by a true cutting 

action, and has no tendency ''"'■ ^'■7„^|g'^/™,i;"J'^ "'"' 
to throw up a burr in the 

manner mentioned above The threads upon the taps 
themselves are cut perfectly parallel throughout, the 
tapered form of the intermediate and taper taps being 
given by subsequently taking off the tops of the threads 
to a greater or less extent. In the former this is only 
done for a short distance from the lower extremity, but in 
the latter it is carried to such an extent that the threads 
are entirely obliterated at the bottom of the tai>, a small 
number of them only at the upper end retaining their full 
depth. This enables a taper tap to enter a hole of the 
proper size without difficulty, its first few revolutions doing 
little more than trace out a thread of sufficient depth to lead 
it onwards. But by the series of cutting angles which it pre- 
sents during its advance — each of which to a small extent 

I n .11 Gooi^lc 



g6 Workshop Appliances. [Ckap. 

exceeds its predecessor in height— successive portions are 
removed from the spiral groove through which they pass, till 
on its upper end emerging frram the hole the tap will be 
found to have left behind it an almost perfect counterpart of 
the thread which was originally cut upon its own surface. 
Any slight inequality which it may possess is then easily 
removed by following it up with the intermediate tap ; the 
tedious process of unscrewing mentioned above being now 
unnecessary, since the more perfect action of these taps en- 
ables the force applied to them to be reduced, so that the 
square head can be made sufficiently small to drop through 
the hole through which the screwed portion has passed. If 
the hole be shallow, the operation must be commenced with 
the intermediate instead of with the taper-tap ; in this case 
the finishing cut is given with the plug-tap, of which the 
threads are left of the full depth quite to the extremity. 

It should be noticed with reference both to taps and rimers 
of the above, or any other section with several grooves or 
ftutings — unless, indeed, the proportion of the circumference 
occupied by the grooves is greatly in excess of what remains — 
that it is essential to their efficiency for their advancing or 
cutting angles to project beyond or to be at a greater dis- 
tance from the centre of the figure than the following angles, 
which are not required for cutting. If this be not attended 
to, it is evident that the whole of the concentric portion of 
the section must be forced into the material before any feed 
can be obtained ; which, even if it were possible, would 
cause so great an amount of friction against the interior of 
the hole that the tool would be broken by torsion before it 
could be made to revolve. On carefully observing any well- 
made taps, like those sliown in the engraving, it will be seen 
that on this account the threads, more especially in taper taps, 
by which the bulk of the materia! is removed, are always 
filed off to a much greater extent upon their following than 
on their cutting angles. Like the rimers of similar section 
noticed above, they can therefore only cut whilst levolving 
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in one direction. In the old flat-sided taps this was not 
done, and in spite of the circumference 
being cut away to an extent which greatly 
endangered the evenness of the thread 
produced by them, the necessity for 
forcing these still comparatively large 
surfaces into the material before any feed 
could be obtained, had doubtless more to 
do with their enormous and unnecessary 
consumption of power than even the 
unfavourable nature of their angles. This 
view is confirmed by the much greater 
ease and efficiency with which 
six-sided and eight-sided rimers 
perform their work ; for in these, 
since no part of the conical sur- 
face remains, a very much smaller 
amount of pressure suffices to 
cause the angles in which their 
facets meet to enter the work. 

In cutting external screw- 
threads also much improvement 
Fio 84. ^^ ^^^" ^''^^'^'^'^ since the days 
Screw in which the plain screif-plate\ia& 
piMe. (j,g ojjIj, hand-tool used for the 
purpose. It consisted simply of a steel 
plate with a number of tapped holes in it, 
a series of from two to six of which were 
to be used for each size of screw. These 
were even less capable of cutting than the 
early forms of tap just described, the 
screws being entirely produced by pressing 
or swelling out of the threads at the ex- 
pense of the material between them. The 
diameter of the finished screw was thus 
generally greater than that of the original "'"'"'^^'ISilrt^'^^^'' 
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wire or rod. By the addition of two or more notches to 
each hole a certain amount of cutting took the place of 
this violent treatment ; and, thus modified, the noickedscxt-vi- 
plate (Fig. 84) is still much used for small work. 

But for larger screws it became absolutely necessary to 
make the cutting action more perfect, and so to diminish 
the wasteful expenditure of power which the use of the 
screw-plate entails. This was done by the introduction of 
the stock and dies (Fig. 85), which enabled one pair of dies 
first to trace out the thread lightly upon a cylindrical surface, 
and eventually, by being gradually brought closer together, 
to cut it to the full depth. Moreover, by making the cavity 
in the die-stock of sufficient length (as in the engraving), or 
by various other means, the dies could be easijy removed 
and replaced by others of different sizes. This arrange- 
ment, however, is defective, inasmuch as the curvature of 
the dies must be either too great for them to admit the 
uncut bar — in which case their outer angles only can act, 
which, having but little guiding power, are liable to set 
out a thread which is uneven or 'drunk'; — or, as the screw 
approaches completion, the work is performed more and 
more by the central portion only of each die. Fig. 86 
shows these defects, the curvature of the dies coinciding 
with that of the finished screw in the upper half of the 
diagram, and with that of the uncut rod in the lower half. 
The usual practice is, therefore, to cut the dies with a cur- 
vature intermediate between the two, but this is only a 
partial remedy for the evil. 

A much more satisfactory arrangement is that originally 
devised by Sir J. Whitworth, in which three dies, of small 
but not of equal width, are substituted for the two wide 
ones shown in the foregoing figure. As we have seen in 
the case of screw-taps, the effect of narrowing the concentric 
portions is to effect a corresponding reduction in the power 
which must be expended in working them ; the necessity 
for retaining sufficient width to insure the > 
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the screw-thread being the chief limit to the extent to 
which this may be done. In the Guide screwing-stock—oi 
which the central portion is represented in Fig. 87 — the 
advantages of efficient guidance combined with great facility 
of working are obtained by making two of the dies only of 
small width, and performing the bulk of the cutting with 
them ; employing the third almost exclusively as a guide to 
insure the uniformity of the thread. This — the stationary 




Fici. 87,— Whilworth's Stoclt and Di*?. 

die (marked a) — is clearly seen in the engraving, as are also 
the moving dies, b and c ; the top plate — which to a great 
extent conceals them when in use, and of which the hold- 
ing-down screws appear — having been removed for the 
purpose of showing them. These moving dies are made to 
advance equally by turning the nut (rf), by which the in- 
clined portions of the sliding-piece (d) are gradually drawn 
in behind them till the full depth of thjc thjead Iws.been 
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attained. Their action, however, is not simultaneous, the 
curvature of their extremities and their' cutting angles being 
so arranged that one shall cut when the stock is turned in 
one direction, and the other when it is turned in the 
opposite one. These dies can be replaced by others for 
the production ai screws of other diameters, and can be 
sharpened by grinding with the same facility as ordinary 
tools. 

In cutting the threads upon the dies themselves. Master- 
taps are used ; one of which is shown in Fig 88. These 
differ from the ordinary taps shown on a previous 
page (see Fig 83), in being of larger diameter 
(Sir J. Whitworth's exceed the working taps by 
twice the depth of the thread, which gives per- 
fect contact, and thus produces an even thread 
at the commencement of the cut), and also in 
having much narrower longitudinal grooves and 
a larger number of them, which is rendered 
necessary by the small amount of surface which 
Mast^-Ta ^'"^ *^'^^ present Similar instruments, known 
as hobs, are also employed in forming the cut- 
ting ends of screw-chasing tools for use in the lathe. 
The importance of possessing and carefully preserving a 
correct set of master-taps will be evident when it is re- 
membered that the screws produced by the above processes 
are in all cases mere copies of those already in existence 
upon the surface of the taps and dies ; and that the simplest 
if not the only practically available method of maintaining 
the imiformity of these threads — which it is in the highest 
degree desirable to do- is to have at hand a constant 
standard of reference by which the effect of continued wear 
upon the working copies may be detected and remedied. 

So important does Sir J. Whitworth consider the sub- 
ject of the uniformity of screw-threads- rot only of those 
made in a single workshop or for one particular purpose, 
but ^f all to which a fixed pitch can be applied throughout 
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the whole country— that he arranged and published, partly 
in the year 1841 and partly in 1857, a table, the use of 
which, for machines and engineering work, has been gra- 
dually extending with most beneficial results ; the excessive 
loss and inconvenience which arose from the absence of 
any standard pitch being now universally acknowledged. 
(See Appendix, Table IV.) 

For the threads of small screws, to which this table did 
not extend, a supplementary table has since been proposed, 
which also will be found in the Appendix (Table V.) 

The angle made by the opposite sides of the thread is 
55° in every case, but the extreme depth which this angle 
would give is reduced by rounding off the top and bottom, 
each to the extent of one sixth, as the diagram (Fig, 8g) will 
explain. Thus the depth given to the 
thread is only two thirds of that which 
it would have if its sides intersected, 
being "64 of the pitch instead of 96. 

Square- threaded screws, which are 
used for many purposes, since they 
possess greater power, although less 
strength than those of the above form, 
have generally half the number of *"■■■ Sy- 

threads per inch than would be given to them if the threads 
were angular, the depth being usually equal to the space 
between the threads. When coarse, however, they should 
be deeper in proportion than when they are fine. 

For many purposes— such as screws cut on the outside 
or inside of tubes — much finer threads, in proportion to their 
diameters, than those given in Table IV. are required. In 
these there has hitherto been much less uniformity than 
could be wished, although the immense consumption of 
metal tubes for the distribution of coal-gas has caused some 
such threads to be pretty generally recognised, under the 
name of gas-threads. In the Appendix will be found two 
further tables, the first giving the pitches used by Sir J, 
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Whitworth in his taps and dies for gas-piping, and the second 
the coarser pitches admissible in the case of the stouter 
piping used for hydraulic purposes. (See Tables VI. and 
VII.) 

These tables, however, must not be supposed to apply 
only to the forms of apparatus which we have been describing, 
—for this would confine their use within very narrow limits, 
since but a small proportion of the screws in daily use are 
nut by hand with their assistance. For the production of 
many kinds, indeed, stocks and dies, even of the best con- 
struction, are much less well adapted than are other instru- 
ments, some of which we shall have occasion to describe 
hereafter ; amongst which may be mentioned hand-chasing 
tools, screw-cutting lathes, bolt-screwing machines — all of 
which have their special advantages. 

The Smith's Saw (Fig. 90) demands no particular notice 
except perhaps as regards the manner in which the small 




amount of ' set ' necessary for leaving clearance in the cut is 
given to it. This is done by lightly hammering the points 
of the teeth. Subsequent sharpening with a three-square 
file converts the blunted points into chisel-like edges slightly 
wider than the original thickness of the blade. 

Several of the hand-tools used for metal fulfil their duties 
by what we cannot regard as a true cutting action. Such 
are the various Punches and Shears by which portions of the 
material are removed, which, instead of being waste products, 
as in the case of cutting tools generally, constitute that which 
it was the end and object of the operation to obtain. 

The term ' punch ' is made to include two very different 
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kinds of instniment Of one of these the chief duty is to 
indent the material to a greater or less extent, without abso- 
lutely dividing it ; — examples of which are to be found in the 
pointed centre-punch, the various thick-edged circular and 
other punches with which thin discs, &c,, may be partially 
cut from sheets of metal, and also in the ordinary cold-chisel, 
when used for nicking sheets or bars of moderate substance. 
But these cannot be driven through the entire thickness of 
the material, and therefore cannot be considered to cut it, 
unless it be placed upon some hard and ponderous mass, 
such as an anvil, by the reaction of which they are then 
assisted. In the accompanying diagram (Fig, 91), a repre- 
sents in section a tool of this description partially driven 
through a sheet of metal which 
rests upon the hard surface of 
an anviL The difference be- 
tween this and a punch of the | 
second kind (li)— which must 
be used in conjunction with a 
bolster placed beneath the work, 
and is thus precisely analogous 
in its action to the pair of 
shear-blades {c) is at once ap- 
parent ; since in these cases the ^"'^ ''■ 
portion of the tool which is below the work is almost 
exactly similar in figure to that which is above it, and, 
except when prevented by extraneous circumstances, such 
as inequality in their areas, each performs an equal share 
of the worlt. It is evident, however, from the obtuseness 
of the edges in both cases, that the division of the material 
is effected by tearing its fibres apart rather than by cutting 
them fairly asunder ; and this is equally true of the upper 
and lower blades of a pair of shears, and of the punch and 
bolster, which may be regarded as similar blades of a 
circular or other figure. 

Two pairs of hand shears are represented in Fi^ ga. 
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The upper one of them is the ordinary form of English hand 
shears, which are often called snips, to distinguish them 
from the fixed-bench shears used for metal of greater thick- 
ness than can be cut when the tool is merely grasped In the 



hand, their bladesbeingoccasionallybent instead of straight, 
for greater convenience in cutting out curved work. The 
lower pair, provided with bows like scissors, is of that known 
as the ScoUk pattern. 

For cutting wires, &a, a modified form of shearing tool 
is sometimes employed. Opposite the pivot in each half of 
a pair of single-jointed nippers 
■ L notch is cut. These notches 
coincide with one another when 
; nippers are open, so that a 
wire can be inserted into them. 
On closing the nippers, the wire 
is easily and cleanly divided. But 
these tools are but little used, 
either the cutling nippers oi the 
cutting pliers shown in Fig. 93 
being ordinarily employed for 
the purpose. In these, although the direction of their 
edges is different, the cutters are alike, the section d (Fig. 91) 
applying equally to both of them. From this section it 
will be perceived that their action differs entirely from shear- 




Cutting Nipp- 
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ing, their edges, although perfectly similar, being merely two 
opposed wedges which can be brought together till they 
meet, but which cannot pass each other, after the manner of 
shear-blades ; consequently their angles are very much more 
acute, being from 30° to 40° instead of from 80° to 90°, to 
which the edges of shear-blades for metal are generally 
ground. 

Of the use of punches combined with bolsters — which we 
have been obliged to introduce above— it is hardly possible 
to give an example without trespassing into the province of 
machine-tools. For their performance clearly depends upon 
exact correspondence being obtained between the position 
of the punch on the upper side of a plate and that of the 
bolster (or die, as it is called when applied to the larger 
forms of punching machine) on the under side. Various 
kinds of holder, by the upper part of which the punch shall 
be guided when driven, whilst the lower either receives or 
itself forms the bolster, may be and possibly are employed ; 
but some form of machine, in which 
both the punch and die can be fixed, 
and powerful pressure can be applied, 
add so greatly to their value that they 
are almost invariably so used in en- 
gineering workshops. The simplest 
and most portable of these hand- 
machines \s^^ punthing bear i^'x^ 94), 
which is, in fact, a powerful form of 
screw-press — by which plates of con- 
siderable thickness can be perforated 
by hand power. One man, applying his 
strength at the extremity of a lever fig. 94. - punching Bmt. 
passed through the eye of the screw, 
is able with this instrument to punch a hole as much as 
\ of an inch in diameter through a plate | of an inch in 
thickness ; and other equally powerful forms of apparatus 
are made. 
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A tool which lends invaluable assistance to the hand- 
worker in metal, though it may be sought for in vain in 
many tool manufacturers' lists, is the Scraper, one form of 
which is represented in Fig. 95. It is made simply by 
widening out and bending down the end of a flat bar of 
steel— an old flat file being often used for the puqxtse. The 




Fk;. 95-^ Mela] Scnper. 



bent end is ground so as to form a thick knife-edge (of about 

60") at right angles to the stem of the tool, and the edge is 
afterwards set on an oilstone — at the same angle if intended 
for taking as deep cuts as possible, or at 90°, or even more, 
if required for lighter or finishing cuts. The enlarged view. 
Fig. 96, shows the edge ground at 60° and set at 90°. The 
method of using it will be noticed in the next chapter. 



F1G.96.— EdgeofScraper. Fio w — Thr« Sqd»re Scraptr 

A good substitute for it may be made by sharpening the 
extremity of a three-square file, the angles of which being 
60°, can all in turn be used for scraping, in the manner 
indicated in the diagram, Fig. 97. 

Materials of which the hardness exceeds, or even nearly 
equals, that of hardened steel, cannot be treated by steel 
cutting-tools such as we have been describing. Some harder 
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substance must then be resorted to, the most readily available 
being corundum, or emery, which may be employed in 
various ways. If two corresponding surfaces can be operated 
upon simultaneously, the emery, powdered and reduced (by 
washing) to as even a grain as possible, may* be simply 
placed between them with a small quantity of oil, the two 
surfaces being then ground together. But this practice 
is by no means to be recommended, for several reasons : 
(a) the action cannot be confined to the portions of the 
surfaces which require to be reduced ; {h) unless opposite 
portions of each require an equal amount of treatment, cor- 
rection of the errors in one introduces fresh errors into the 
other J (f) in almost every case, whether the surfaces be flat 
or curved, their speed is greater or their contact is of longer 
duration in some parts than in others, so that grinding does 
not take place uniformly even between surfaces originally 
true ; {d) the emery becomes embedded in the metal, so 
that sliding or other ' working ' surfaces so prepared carry in 
them an element tending to their own destruction. When 
emery has to be used by hand at all, it is therefore preferable 
to employ it in some other manner, as in the form oi emery- 
paper or emery-cloth, which can be wrapped round a file or 
round some suitable wooden support, so that its action is 
more or less under control. These also are often used with 
oil, which improves the smoothness of their cut, though it 
dulls the surface of the work. For some purposes, again, 
emery-sticks are preferred, the powder in their case being 
glued directly on the surface of strips of wood instead of on 
paper or cloth. 

A metallic wheel or ' lap ' is a very efficient means of 
employing emery powder, but these require a lathe or some 
form of machine for driving them, and, therefore, do not 
come within our present subject. The same may also be 
said of the consolidated emery-wheels, of which some de- 
scription will be found in a subsequent chapter. 

The marks by which the different degrees of coarseness 
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of emery-cloth are ordinarily distinguished in. London are : 
—No. o, No. FF, No. F, No. I, No. \\, No. 2, No. zj, and 
No. 3 ; the first of these being the finest, and the last the 
coarsest. Emery powder itself is sold under the following 
names, commencing with the coarsest, of which the grain is 
about the size of mustard seed :— 



Com emery. 
Coarse grinding emery. 
Grinding emery. 
Fine grinding emery. 
Super-grinding emery. 



Coarse flour emery. 
Flour emery. 
Fine flour emery. 
Superfine fluur emeiy. 



The other abrasive materials used in the treatment of 
metallic surfaces are not very often to be met with in en- 
gineering workshops. They are chiefly confined to the arts, 
in which sraoothnessof surface or ' finish ' is a more import- 
ant consideration than accuracy of form, and they are les.s 
frequently applied to wrought or cast iron than to brass and 
similar metals. Strips of oilstone, or of Water of Ayr stone, 
may occasionally indeed be employed for removing the marks 
of the file or for producing the 'curled finish ' with which 
flat metal surfaces are sometimes ornamented, but for work- 
ing surfaces — upon which the chief care should be bestowed 
^this treatment is neither necessary nor desirable. 
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CHAPTER IV. 

ON THE FORMATION OF STRAIGHT-EDGES AND 
SURFACE-PLATES. 

Besides the measuring instruments and the cutting tools 
alteady mentioned, various forms of apparatus are required 
to enable the worker in wood or in metal to lest the accuracy 
of his operations. For this purpose the former has recourse 
to the straight-edge, square, bevel, &c, ; while the latter, in 
addition to these, uses templates of various kinds, and — 
above all — the planometeror surface-plate. The importance 
of this last instrument (examples of which will be found in 
Figs. J03 and 105) is so great that we shall devote much of 
this chapter to the consideration of it ; especially as the suc- 
cessive steps in its production will afford a good illustration 
of the modes of using several of the wood and metal tools 
previously noticed. 

In the year 1840 Sir J. Whitworth called the attention of 
the scientific world to the impossibility of producing truly 
plane metal surfaces by the process of grinding, by which up 
to that time it had almost invariably been attempted, and 
he showed some specimen plates, which, for accuracy of 
surface, far surpassed any which had been publicly exhibited 
previously. 

To give some idea of the agreement which exists be- 
tween two of Sir J. Whitworth's surface- plates, we may 
mention that if one of them be placed upon the other — 
both being perfectly clean and dry — the upper one will 
appear to float upon the lower, without being anywhere in 
contact with it ; owing to the weight of the upper plate 
being insufficient to expel, except by slow degrees, the thin 
and uniform film of air between their surfaces. When this 
air has been expelled (as it may be by pressing and sliding 
the plates together), they will adhere to one another to 
a sufficient extent to enable the lower plate to be lifted by 
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lifting the upper one ; a result partly due to a cause similar 
to that which produces the floating just mentioned, and 
perhaps partly also— ^as some recent experiments upon 
surface-plates in vacuo by Professor Tyndall are considered 
to prove — to the force of molecular attraction. 

Before commencing upon any cast-iron or other plates 
whose surfaces it is intended to convert into true planes, 
two preliminary steps must be taken : in the first place, two 
wooden straight-edges must be prepared ; secondly, with the 
assistance of one of these, a set of three steel straight-edges 
must be worked up. When these have been made to agree 
perfectly with one another the surface -plates may be com- 
menced ; the principle of obtaining exact agreement between 
a set of three of these being always adhered to. In general, 
of course, the possession of an existing surface -plate, or at 
least of a fairly reliable straight-edge, will obviate the neces- 
sity for performing some of these operations ; but we prefer 
to give them in their entirety, noting afterwards those which 
the ordinary appliances of the workshop would enable us to 
dispense with. 

First, then, as to thefC:Wi/«« straight-edges; the preparation 
of which will require some skill in the use of the joiner's 
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planes described in Chapter II. Two pieces of hard straight- 
grained mahogany not less than three feet long and a quarter 
of an inch thick having been selected, and both sides of 
each having been roughly planed over with a jack-plane, 
the first care must be to see that they are not 'in winding' 
—as a joiner expresses it when two of the opposite comers 
of a piece of wood stand higher than the other two. This 
is most easily detected by placing two short pieces of wood 
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with parallel edges, called winding-sticks, in the position 
shown in Fig. 98. On bringing the eye nearly into the line 
of their upper edges, so as almost to make the nearer conceal 
the more distant one, this error, if it exists, at once becomes 
visible. After each side has in turn been corrected, one of 
them should be worked up v.ith a finely set trying-plane 
until a continuous shaving can be cut from the full length 
of the piece. If the plane be in good order, and the 
caution previously given as to planing 'hollow ' rather than 
'round' be not neglected, this side will be found to be 
sufficiently ftat 

From this fiat surface the desired thickness must be set 
off at each end with a marking-gauge (Fig. 99) ; the scratch 
which it leaves indicating the amount to be planed off the 
opposite side. This done, the edges may be commenced ; 
the process being similar to that by which the sides were 
made true, but requiring to 
be conducted with increased 
care. 

The square (Fig. 100) will 
now be necessary to insure 
the edges being kept perfectly 
perpendicular to the surface 
first obtained — which surface 
should be marked, and always 
be worked to. One edge of 
each piece having been then 
planed as true as possible, 
their agreement with one an- 
other must be tested — first, by 
observing whether their con- 
tact is continuous when they 
are placed edge to edge and 

held up towards the light; ** '«>.-c«rp,nt«',.Squa««). 
secondly, by clamping them side by side with their true 
edges upwards and trying with the fingers whether one edge 
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stands to any sensible extent above the other at either end 
or at any intermediate point (A still better system is to 
make three straight-edges, each of which must agree with 
any other, as described below ; but the material not being 
susceptible of any very great degree of accuracy, it is hardly 
necessary.) The best result only being obtained when the 
final cut has been taken from the whole length of the 
straight-edge, no after-treatment of any kind should be 
required But in default of his having the requisite skill, 
the beginner can with advantage make use of the cabinet- 
maker's scraper, or— which is much better — a flat piece of 
cork covered with fine glass-paper. 



4 
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Applying the square to the true edge, the exact length is 
now marked off, and the ends cut and planed or ' shot ' 
from the finished to the unfinished edge. Finally, this 
second edge is marked out with the gauge, planed up, and 
chamfered if required : the uniformity of the chamfer being 
checked by applying to it a sUding-bevel (Fig. loi) which has 
been previously set to the proper angle. 

In this last operation, and also in planing the ends or 
edges of thin pieces of wood generally, much assistance 
may be derived from the use of ihooting-boards. Fig. loi 
shows sections of such boards, one of them being intended 
for planing pieces with square, the other with chamfered or 
bevelled edges. Tiie trying-plane is laid on its side and 
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worked backwards and. forwards with one hand, the work 
being brought up to it with the other. 

The second step— viz. the preparation of three accu- 
rate steel straight-edges, can now be proceeded with. And al- 
though we shall confine ourselves to steel, as being the best 
material for our present purpose (and for straight-edges 
generally, provided that their length does not exceed about 
4 feet), a somewhat similar course will apply to the 
vorkii^ up of longer ones, which would be made of cast 
iron. The thickness of those which are of steel is usually 
from -^ of an inch to ^ an inch. 

Three similar strips of steel of the desired size having 
been procured, and their sides filed or smoothed upon a 
grindstone, holes should be drilled in similar positions near 
the two ends of each of them. When the strips are laid 
one upon another, two tightly fitting pins can then be passed 
through these holes ; in which condition the three will re- 
semble a single thick bar. They can be fixed in a vice, 
and — as far as all the earlier stages are concerned — may 
be operated upon simultaneously. 

The ordinary vice has appeared in a former engraving 
(Fig. 79). The teeth with which its jaws are filled can in 
cases like the present be prevented from marking the work 
held between them, by interposing clamps, formed out of 
pieces of sheet lead or zinc In filing up the steel straight- 
edges great assistance will be derived from one of the wooden 
ones previously made, which should be rubbed with a piece 
of red chalk, and frequently applied to them ; any prominent 
parts being thus rendered visible. The large rough files 
used in the earlier stages must be successively replaced by 
smaller and smoother ones as the work progresses. When 
it becomes no longer possible to detect any inequalities on 
applying the wooden straight-edge, the pins connecting the 
three pieces must be removed, and all further operations 
conducted upon each of them separately. But before this 
point has been reached, one edge of each should be bevelled, 
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if required, as the straighiness is liable lo be impaired by 
the process. 

A systematic course of comparison of one with another 
must now be commenced, and be persevered in till each 
edge agrees perfectly in any position with the other two. 
The necessity for operating upon three (the method above 
given for wooden straight-edges being insufficiently accu- 
rate for steel ones) is evident if we consider that two 
may agree perfectly together, although one may be convex 
or 'round,' and the other concave or 'hollow.' When their 
ends are reversed they will also agree, if the curvature be 
uniform. But if there are three (which we will call a, b, and 
c), then if A be hollow, b and C when made to agree with it 
will both be round, so that they cannot agree together. 
They will, in fact, make the error appear to be twice as great 
as it really is, and in order to correct it an equal amount 
must be removed from each, until perfect agreement is 
obtained between them- Then, on correcting a till it agrees 
with E, the correspondence, or the want of correspondence, 
between a and c will prove their mutual truth or error. By 
persevering and systematic repetition of these comparisons, 
good results will at length be obtained. And in addition 
to placing the two which are under comparison with their 
edges together, and observing whether any light can pass 
between them, it wilt be found advantageous to lay them 
side by side on a flat table or bench, and to rub their cleaned 
edges somewhat forcibly together. Any prominent parts 
will then receive a slight burnishing, which will show where 
the file must be applied. 

When one edge of each piece has thus been rendered 
straight, the opposite one may be similarly treated ; their 
approximate parallelism being obtained, when necessary, by 
the frequent use of callipers during the operation. Of these 
instruments one example has already been given, and others 
will be found in a subsequent chapter (see Fig. 160). A 
simple and very efficient substitute for them may be made 
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by filing a parallel-sided notch, of the exact width required, 
in a piece of sheet metal. This forms a temporary gauge of 
no mean accuracy -when carefully used ; a second notch 
of slightly greater width, to show when the desired limit has 
nearly been reached, being a useful addition to it. 

Having now at least one thoroughly reliable steel straight- 
edge, we are in a position to commence the surjaa-plates 
themselves. Three sound 
cast iron plates are re- 
quired, and whatever their 
size may be— for this will, 
of course, vary accordmg 
to the purpose for which 
they are intended — they *''° '"' -■^'"'■»" ?'"'^ 

must have no tendency to bend or become distorted during 
their preparation, or in after-use, To fulfil these conditions 
it is necessary to support their under-sides by deep main 
and cross ribs. If, however, the main ribs were to follow 
the rectangular outline of the plate, there should be a support 
at each of the four corners, and any inequality of the bench 
or other surface on which it was placed would make these 
bear unequally, and would be liable to distort the plate. 
Sir J. Whitworth therefore devised the plan, now universally 
adopted, of reducing the number of supporting points to 
three, and arranging the main ribs between them in the 
somewhat triangular form shown in Fig. 103. Upon the 
three supporting points the roughed-out castings should rest 
for two or three weeks before the finishing processes are 
commenced, in order to allow the plates to settle in the 
form which they will naturally assume. 

Supposing a planing machine not to be accessible, the 
upper surface of each casting must be prepared with a chip- 
ping chisel and hand file, during which operations the 
chalked wooden straight-edge will render much assistance 
in pointing out the more prominent portions, just as it did 
in the preparation of the steel straight-edges. It must of 
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course be applied to all |iarls of the surfaces, diagonally as 
well as parallel lo the edges. Or a rectangular piece of 
hard wood, planed as true as possible, may be substituted 
for it with some advantage. But either of them must soon 
be rejeried in favour of the much more accurate steel 
straight-edge, which can either be held so as to show any 
depressions by the passage of a streak of light between its 
edge and surface, or be made to redden the projecting 
parts by smearing it with a mixture of red ochre and oil 
as files of considerable length oniy 



can be used, which cannot be made to remove small por- 
tions from particular spots, as can be done in the case of a 
narrow straight- edge, to which very light and smooth files 
can be applied, it soon becomes necessary to substitute a 
scraper. With this tool very small quantities of metal can 
be taken nffat any required point, so that a tolerably flat 
surface will soon he obtained. Fig. 104 shows the method 
of using this invaluable instrument. 

One of the castings only should be worked up to the 
highest sta'e of perfection obtainable with the steel straight- 
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edge and scraper, the care bestowed upon it being repaid 
with interest during the subsequent processes. This plate 
we will call a, the others respectively b and c. The face of 
A is now thinly coated with ochre and oil, b and c being suc- 
cessively made counterparts of it by repeatedly, placing them 
face downwards on a, and then lowering with the scraper 
all the reddened points on which they bear. This must be 
continued till the contact between a and b and a and c is 
as perfect as possible, which will be known by the bearing 
points — at first perhaps only two or three in number, and of 
small size— having become so numerous and evenly dis- 
tributed that the entire surface presented by them becomes 
reddened. 

A series of comparisons exactly similar to that described 
in the case of the steel straight-edges must now be carried 
out : — B and c being compared together, and corrected by 
removing an equal quantity from each ; a being then made 
a counterpart of b, and a and C compared with one another. 
If B and c have been perfectly equally reduced (and to 
effect this the greatest care will be well bestowed) their 
errors, which are equal in amount and similar in kind, will 
have been entirely got rid of, and a will be found to agree 
.with c, thus proving all three of them to be true planes. But 
it is not likely that this result will be obtained till the above 
routine has been many times repeated, in doing which the 
same order should always be adhered to. As the process 
approaches completion increased watchfulness will be neces- 
sary, so as to guard against the introduction of fresh errors ; 
the penalty for scraping off the slightest excess from any one 
part being the performance of the difficult task of lowering 
the entire surface to exactly the same extent. 

When all possible care has been taken, it must not be 
expected that the surfaces produced will be absolutely true 
— mathematical accuracy probably could not be maintained 
even if it were possible in the first instance — but the ap- 
proximation to it win be sufficiently close for every practical 
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requirement. The abandonment of the whole process of 
alternately grinding together with emery -powder and water 
the faces of a set of surface-plates, has been accompanied 
not only by the most marked improvement in their accuracy, 
but also by a diminution in the time expended upon their 
production. Soon after he had thus successfully produced 
his surface-plates. Sir J. Whitworth entirely abolished in his 
own workshops the practice of grinding metallic surfaces 
together ; and although his workmen were considerably pre- 
judiced in favour of it, a very short experience taught them 
that scrajMng was by far the quicker and more efficient 
process. 

Three surface-plates having been successfully 'originated' 
in this manner, two of them should be kept with scrupulous 
care for the correction or production of copies of sutllicient 
accuracy for ordinary workshop purposes. Once in pos- 
session of a reliable standard, the process of copying it in- 
volves a comparatively small tax upon the patience and 
skill of the operator. Not only is he no longer dependent 
upon an accurate straight-edge — he may if he can avail 
himself of a planing-machine, dispense with the whole of 
the roughing-out process above detailed. With these in- 
valuable machines- — which are described in the sequel — the 
surface of the rough casting can be brought to such a com- 
paratively finished state that it may be at once compared 
with the standard surface-plate. This being kept thinly and 
uniformly reddened, will show the prominent parts, to which 
the application of the smooth file, and subsequently of the 
scraper, must be confined, as already mentioned. 

Fig. 105 represents very fairly well the face of a small 
six-sided snrface-plate finished by scraping in the manner 
shown in Fig. 104 — the particular size and form of the final 
cuts varying of course according to the fancy of the work- 
man. Plates of this shape, strengthened at the back by two 
annular ribs, are stated by Sir J. Whitworth to be preferable 
to rectangular ones, such as Fig, 103. 
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Long straight-edges, which —as stated above— are gener- 
ally made of cast-iron, require to be so constructed as 
not to be liable to flexure from their own weight wheh in 
different positions, nor from that of any articles which may 
be placed upon them for comparison. A straight-edge six 
leet in length is represented in Fig. io6 in elevation and 



plan. The width of its face is 2\ inches ; cast iron 
straight-edges being always much wider than steel ones in 
proportion to their length. Those which are lo feet long 
have a width of as much as 3 inches, so that they resemble 
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elongated surface- plates, and their preparation requires 
much greater time and care than is necessary in the case of 
those of small width with which we have been dealing. 
For with regard both to straight-edges and surface -plates, it 
will be readily understood that any given length or area is 
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worked up with far more facility when it does not form 
part of a much greater length or surface than when it does. 

For special purposes surface -plates of special shapes and 
sizes are often required, and for extending a plane of great 
area a good sensitive level is used in conjunction with 
them. 

The use of a good surface-plate to the worker in metal is 
sufficiently obvious. It enables him, either by following th< 
whole process for obtaining a true counterpart of its surface, 
to give almost perfect accuracy to the flat facets which occur 
on the exterior of his work, or, by completing the early stages 
only, to render them perfectly frefe from twist and promin- 
ences, though not necessarily from depressions. A good 
fit may thus be insured between the several portions of a 
machine which are to be attached to one another, with an 
amount of labour which bears but a very small proportion 
to that required for 'feeing 'a slide-valve, or any other 
moving parts. When several surfaces of moderate size have 
to be worked up on the same casting or forging, it is advis- 
able in the first place to rough out the whole of them with 
moderate accuracy, afterwards finishing them in the order 
of their size. The largest, from which the correct position 
of the other surfaces should almost always be determined, 
will thus be first completed. If there be a second surface 
parallel to it, this should next be marked out, either with 
a gauge of similar construction to the wooden marking- 
gauge shown in a previous figure, or with a surface-gaugt 
(Fig. 107), used on the surface-plate. In a similar manner 
the truth of the edges — if they be at right angles to the 
face— can be tested conveniently by placing the work, face 
downwards, upon the surface- plate, and applying to it the 
exterior angle of a steel square, which for this purpose should 
have a wide back, so as to enable it to sland upon the sur- 
face-plate. 

But these methods of forming flat surfaces either parallel 
or at right angles to other existing surfaces are available only 
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when no very high degree of accuracy is lequired. In cases 
for which they are insufficient it will be necessary to fqllow 
them up with treatment of a very different kind. 

We will suppose, for instance, that three bars of 
rectangular section are to have their sides and ends worked 
up sufficiently truly plane and parallel to enable them to be 
used as standard measuring bars ; and less than three can- 
not be successfully treated. With the assistance of one of 
a pair of surface-plates— of which the size must be sufficient 
to admit of the three bars being placed upon it simul- 
taneously—one side of each bar is made as truly plane as 
possible, and upon these finished sides the three are then 
laid in the 'first position shown in Fig, loS. The opposite 
sides, which will of course have been made nearly fiat and 
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parallel in the preliminary working up to which all 
parts of the bars have been subjected, are then tested 
by applying to them the other surface-plate reddened ; 
their prominent parts which receive the colour being 
successively lowered in the ordinary way, till the whole of 
the surfaces are proved, by being uniformly coloured, to 
be in one and the same plane. If this plane be perfectly 
parallel to the surface upon which the bars are resting, they 
will be equally and uniformly coloured on' applying the 
upper surface-plate, after turning the central bar (b) end for 
end (as shown in the figure), or after changing the places of 
A and B, or B and C But if each bar either has one of 
its edges or one of its ends higher than the opposite one, 
the reddened plate will no longer take its bearing upon the 
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entire surfaces ; and the treatment must be continued^ 
scraping away the coloured portions, then changing their 
positions from side to side, and reversing them end for end 
— until the entire surface is reddened, in whatever position 
the bars may be placed. This, as might be expected, is 
often a work of very great labour, especially when, after 
making them parallel, one of these sides has to be uniformly 
lowered in each bar in order to make the thickness correct 
This thickness can best be tested with the aid of a measuring 
machine. 

The next step will be to make one of the remaining sides 
of each bar perfectly perpendicular to the two sides which 
have just been rendered parallel, and the method of doing 
this will be intelligible from Fig. log. One side (we will say 
of the bar a) is first 
brought to a true plane 
in the ordinary way. A 
second bar (b) is then 
similarly treated, its exact 
correspondence with the first being insured by frequently 
comparing them together in the manner shown in the first 
portion of the figure, the side of a being reddened to show 
the extent to which the two are in contact When their 
agreement is perfect, one of the bars must be r&versed ; the 
effect of which will be, if their former plane of contact was 
perpendicular to the horizontal surfaces, to leave their agree- 
ment as perfect as before, but, if not, to make the error 
appear to be twice as great as it really is, as is represented 
{greatly exaggerated) in the second half of the diagram 
(Fig. 109). Equal amounts must then be removed from the 
prominent portions of these sides, until their contact is found 
to be perfect in either position. One side of the third bar 
can be made correct by testing it with either of the other 
two, after which the fourth side of each must be made 
parallel to that which is opposite to it, and the thickness 
corrected as before. 
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We have thus woTked up the whole of the sides to the 
condition of plane surfaces truly at right angles to one, 
another, the bars being now ' die-square,' as it is termed, 
throughout their length. It only remains to reduce to the 
same conditions the end surfaces— which in the bars under 
consideration are turned down from a square to a circular 
fonii. For this purpose there will be required, in the first 
place, a small surface- plate, called a ' trial plane,' and, 
secondly, a cast-iron bed, having on its upper surface a 
V-groove, of which the sides are truly plane, and at right 
angles to each other. The end of the bed must also be 
made approximately perpendicular to the direction of the 
groove. One of the bars being laid in this groove — and 
throughout this part of the process each is treated quite 
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independently of the other two— the trial plane is applied to 
the end of the bed in the manner shown in Fig. 110. If it 
is found that, whilst the reddened trial plane is held firmly 
in this position, a portion only of the end surface of the bar 
is coloured by it, scraping must be had recourse to and be 
continued till coloration of the entire surface proves it to 
be in one and the same plane with the extremity of the bed. 
On now laying the bar upon those which before were its 
upper sides, perfect coincidence with the end plane of the 
bed will obtain only if this plane be truly perpendicular to 
the axis of the bar. Any departure from this direction will 
be rendered evident by a portion of the surface only being 
coloured, owing to the imperfect contact which the right-hand 
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portion of the above figure so plainly shows. This must be 
corrected by scraping the ends of both the bar and the 
bed. 

Where numerous bars ha^e to be worked up die-square 
to exactly the same dimension, a surface plate or 'trial 
plane.'used in conjunction with abed 
or block of the form indicated in Fig. 
Ill, greatly facilitates the ojjeration. 
Each bar can then be treated inde- 
pendently, the parallelism of its 
f opposite sides being proved by uni- 
formity in the bearing of the surface- 
plate on the bar and on the block, 
when in the position shown in the 
engraving, and the squareness of 
Pig. mi. -Block for iK.Lng the bar by any two of its adjacent 
Square Bais. %iAe% being simultaneously in con- 

tact with the two sides of the groove. Uniformity in the 
thickness of successive bars is also iruured by this method, 
so that any number of copies of a standard bar can thus be 
made perfectly true as regards their cross section, without 
the employment of a measuring machine. 

A bed of this kind is, however, of but little service 
except for cubes or bars of the exact size for which it has 
been made, and its preparation demands so much care and 
skill that the gain resulting from its use is not great, except 
when a considerable number of such articles have to be 
squared to precisely the same cross section. In preparing 
such a bed it should be remembered— first, that a bar can 
fit the groove perfectly in all positions only if all its adjacent 
sides, and therefore also the sides of the groove, are truly at 
right angles to each other ; secondly, that any error in the 
direction of the inclined surface can be detected by turning 
the bar end for end when testing it with the trial plane, as 
in Fig. 111. 

When the sides or edges of a piece of work are inclined 
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instead of being perpendicular to a previously formed sur- 
face, the correctness of the inclination can be tested approxi- 
mately by means of a bevelled square, set either permanently 
or temporarily to the proper angle, and used either with or 
without a surface-plate. BuC a more usual method is to pre- 
pare a template, by cutting out a piece of stout sheet metal 
to the converse of the required form. Temp'ates are also 
much used iti working up curved or irregularly shaped sur- 
faces. When many of these have to be worked to the same 
curve or angle, a pair of templates, called respectively a male 
and female template, is generally made in the first instance. 
Each of these is the counterpart of the other, their perfect 
agreement being tested by holding them up against the light 
- — none of which should pass between their edges. Any 
deterioration in the form of the one which is applied to the 
work can then be at once detected by comparing it with 
the other. But in the treatment of the flat portions of any 
piece of work, whatever may be their positions with regard 
to each other, templates alone should not be relied upon. 
Ilie relative positions of the surfaces having been estab- 
lished by such means, their flatness should always, if possible, 
be checked either by applying them to a surface -plate, or, 
if the work itself is not readily movable, by lifting the plate 
and applying it to them. When the weight of the surface- 
plate forms an obstacle to detecting the position in which it 
bears freely on the surface to be tested, relieving the hand 
by suspending the plate from above will be found to be 
of assistance. 

If any reader of ttis volume, anxious to improve in the 
hand-working of metal to an extent sufficient to enable him 
successfully to carry out the above instructions, should 
ask for some measure by which he could gauge his own 
progress, we could point to no better one than the amount oi 
skill in the use of a file to which he had attained. A few hints 
on the subject may, therefore, be acceptable, although the 
artis one which can be thoroughly acquired by practice only. 
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Files, inasmuch as they differ from cutting tools generally 
in being incapable of beii^ sharpened, demand greater 
economy in their use. On this account, a new file should 
always, if possible, be first used upon brass or cast iron, for 
with these metals a blunt file is comparatively useless ; after- 
wards upon wrought-iron or steel, which do not require 
similar sharpness. On the same grounds it will be found 
advantageous in all cases to use as rough a file as circum- 
stances will permit. 

The outer ' skin ' of cast iron is exceedingly destructive 
to file teeth. In the rare cases in which it is necessary to 
attack it with a file, one which is too blunt for other work 
should be employed, but it seldom happens that the surface 
rannot be prepared to some extent, either by planing, 
chipping, pickling, or grinding upon a grindstone or emery 
wheel. The last of these processes is much to be recom- 
mended on economical grounds — not only for castings 
from which much of the material cannot be spared, but 
also for taking off the ' scale ' produced by the superficial 
oxidation of wrought-iron when being forged, which is 
also to some extent injurious to a file. Brass castings, 
although they are not hardened by the chilling effect of a 
sand mould like those of cast iron, must also have the sand 
which adheres to them removed by pickling or by cleaning 
them with an old file before a sharp one can be used 
upon them with impunity. Lastly, the operator should re- 
member that a file will not long continue keen if he allows 
it to come into contact with the jaws of the vice in which 
his work is so frequently supported. 

The chief cause of the greater difficulty in handling 
which the file presents to a beginner, as compared with the 
generality of cutting tools, lies in the small amount of guid- 
ing power which it possesses in proportion to the accuracy 
of the work demanded of it Since its whole surface con- 
sists of a series of cutting edges or points, it is evident that 
those which are in action at any one time will perform equal 
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shares of the work only when a perfectly equal ' feeding ' 
pressure is applied to each of them. In the due propor- 
tioning of this pressure lies the whole secret of success. 

Let us consider how this must be effected when it is re- 
quired to file upon a piece of metal of small width a face 
perfectly flat and parallel to 
its existing face. Its section 
and that of the file teeth in 
contact with it— both much 
enlarged— are represented in 
Fig. 112. In order that the 
successive cuts may be straight 
and parallel, it is necessary 
that the pressures a and b fjg. m. 

be constantly equal, an equal 

quantity of the material being then, and then only, removed 
by each tooth. But— assuming the handle of the file to be 
held in the right hand and its point in the left — during 
each stroke the leverage at which the pressure applied by 
each hand is acting is constantly varying ; the right hand 
having largely the advantage at the commencement, and 
the left at the end of the stroke. So the effect of the 
natural tendency to equalise as much as possible the pres- 
sures applied by the two hands is, at first, to force into 
the work the teeth on the 
side B, almost neglecting 
those at a, gradually to ,, 
diminish this ine'quality ■" 
on approaching the cen- 
tre of the stroke, and 
again to increase it in the opposite direction, after the 
central point has been passed. Consequently, as is shown 
in an exaggerated manner in Fig, 113, the side b at the com- 
mencement, and the side a at the end of each stroke, will 
be tiled away to too great an extent— a convex surface 
Iwing thus produced instead of a flat one. Until he has 
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completely overcome this tendency, which practice alone 
will enable him to do, the beginner should not rest satis- 
fied with his performance. By carefully feeling for the 
position at which the file bears evenly upon the whole 
surface which it covers, and checking its disposition to tilt 
upon either edge at any part of the stroke, he will 
gradually acquire the habit of moving his hands in the 
nearly horizontal line required, and so varying the pressure 
applied with each that it shall be constantly uniform on all 
parts of the work. 

The case of filing a narrow facet, such as we have been 
considering, although it affords a good illustration of the 
difficulty of handling a file, is not to be recommended for 
practice till considerable success has been achieved with 
rather wider surfaces. For this purpose the best width is 
from about one inch to four inches, according to the size of 
the file and the capability of the operator. But whatever its 
size, the work should always, if possible, be so fixed that the 
surface which is to be filed shall be horizontal. 

Wide surfaces — those of surface -plates, for instance — 
present other and at least equal difficulties. It then becomes 
necessary, as we have seen, to localise the action of the file, 
which of course would be impracticable in filing a flat surface 
with a flat file. Advantage is therefore taken of the convexity 
which to a greater or less degree is given to almost all files — 
partly to enable them to be used in this manner on large 
surfaces, but more especially on account of the great dif- 
ficulty which exists in maintaining the ofiginal form during 
the processes of cutting and tempering. (The necessity 
for guarding against thus making either side concave 
is obvious ; inasmuch as it could then never be used 
upon any flat surface.) To apply the pressure to a file of 
but slight convexity in such a manner that it shall be in 
contact with the work only in the part intended, will be . 
found to require no inconsiderable skill, owing to the very 
small amount of guiding power which it possesses. Short 
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strokes, with the application of local pressure by placing 
the fingers of the left hand on the back of the file just over 
the spot to be lowered, are often advantageous ; but, in order 
to become a master of the art, the reader must submit to 
the tutorship of experience, for which verbal instructions 
are an utterly inadequate substitute. In whatever manner 
the file is held, it should be almost relieved from pressure 
during the backward stroke, in order that the teeth may not 
be blunted or broken by forcible contact with the work 
whilst they are placed unfavourably for offering resistance 
to it 

With regard to the height at which it is best to fix a piece 
of work which is to be filed up, that of the elbow of the 
operator will form an approximate guide ; heavy work being 
somewhat lower with advantage, so that more of the weight 
of the body may be brought to bear upon it, and small work 
being more convenient when rather higher. In the latter 
case the height is generally regulated by that of tail- or 
bench-vice, into which a block of wood for supporting any 
work of irregular form can be so easily fixed. Thus, when 
it is required to reduce with the file the diameter of a wire 
or other small cylinder ; a piece of wood being fixed in the 
vice, a notch is filed in it, and the wire, supported in this, is 
turned with the left hand through about a third of a circle 
during each stroke. When the file, as in this case, is held 
in the right hand only, the requisite pressure is frequently 
given by extending the forefinger along the back of it— as 
in holding a carving knife. But into the consideration of 
the treatment of curved surfaces, either convex or concave, 
we will not here enter, for they will present no insuperable 
obstacles to any one who has become sufficiently adept to 
produce a true flat surface. 

Thin edges and narrow surfaces, which have a tendency 
to rip the teeth of a file when it is used across them, may 
be prevented from doing this by filing them either lengthwise 
or diagonally. 
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In bringing any piece of work to a finished surface by 
using files of successive degrees of fineness, caie sbould be 
taken entirely to remove the teeth-marks of the preceding 
file before passing on to a smoother one. The practice of 
drawing the file sideways along he work, which to some 
extent prevents its leaving the marks of its teeth, is not to 
be recommended ; nor is that of giving it a rubbing motion, 
by which the surface becomes covered with curled scratches, 
instead of the parallel lines which result from a series of 
straight cuts given with the entire length of the tile. When 
great smoothness is required a little oil may be used with a 
smooth file, which will diminish its tendency to become 
pinny, from the fibres (in the case of wrought-iron, &c,) 
being torn up and clogging its teetK As good work cannot 
be produced with a file in this condition, a wire file-brush 
should be constantly at hand for clearing it when necessary, 
any very persistent particles being removed with the scriber, 
or some other metal point. 

Glass plates, supported in suitable cast-iron frames, are 
sometimes used for surface plates. Their freedom from any 
tendency to rust is certainly a point in their favour. 
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CHAPTER V. 

ON FOOT-LATHES. 

Nothing definite is known as to the origin of the lathe. 
An old writer on the art of turning (Plumier)' attempts— 
but with very doubtful success — to show that King Solo- 
mon was acquainted with turned work. Amongst the 
sculptures of Nineveh there are various articles which have 
the appearance of having been turned ; though these may 
have been produced with some rude apparatus, such as that 
still employed by native workmen in India, which can 
scarcely be dignified by the title of lathe. 

The earliest drawings which show in any detail the con- 
struction of framed lathes seem to be two given in a work 
byjaques Besson, printed in 1569.' The first published 
treatise on turning, written by an Englishman, Moxon,^ 
appeared in 1683. This was shortly followed by the ela- 
borate treatise of Plumier, which gives us a good insight 
into the state of the turner's art in France at that time ; 
information which is well supplemented by the voluminous 
'Encyclopedic,' which appeared in 1772. 

The simplest lathes given in these works bear a strong 
resemblance to the old Pok-Lalhe, which may still sometimes 
be met with. The diagram. Fig. 114, will explain its prin- 
ciple to those unfamiliar with it, and will render it intelli- 
gible how, without any metal-work except two dead centre- 
points, it is possible to construct a lathe which would be 
very serviceable in turning a bed-post (The tool-rest is 
shown detached, on the left, in the diagram.) 

' L'Artde Taumer en Prr/eclmi. Plumiei! Lyon, 1701. 
' Tluatrum Inslmmenlamm tl Machitiarum. B«S5on : Leon, 15(9. 
' MichanUi B-xtrcisis, er The Dodrine e/ Hamfywvrki. Moxoa i 
London, 1677-83, 96. 

Ka 
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Such machines are not adapted for either accurate or 
speedy work,— the backward and forward motion obliging 
the turner to waste one half of his time whilst the spring- 
lath is raising the treadle, and is thereby producing a re- 
volution in the wrong direction. Yet wonderful results 
were formerly obtained with them, not only in turning work 
of circular section, but also in oblique or ' swash ' turning, 



screw-cutting, rose or ' Guilloche ' work, and oval turning, 
to which their adaptation seems to have been a favourite 
problem with the early lathe makers. An example of swash 
work, reduced from one of Besson's plates of 1569, is given in 
Fig. 115. 

The change from the alternating motion to one of con- 
tinuous rotation was a great step towards improving the 
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efficiency of the lathe for almost every kind of turning. 
This seems to have been effected in the first instance by 
substituting for the lath and treadle a detached fly-wheel 
turned by an assistant, an endless band running from the 
margin of the wheel to some part of the work under treat- 
ment, which still revolved between dead centres, as in the 
pole-lath& This system was certainly in use about the middle 
of the sixteenth century, and for heavy work detached fly- 
wheels are still sometimes employed by hand -turners. Lathes 
driven in this way do not, however, come within our present 
subject Nor do the various forms of potter's- wheel, which, 
if they could be included, would enable the pedigree of 
the foot-lathe to be traced back to a period very much more 
remote than is otherwise possible. 

The application to the lathe of the foot-wheel driven by 




a crank and treadle, which to us seems so simple and so 
obvious an arrangement, is comparatively recent, its use 
having apparently been exceptional rather than general even 
at the commencement of the present century ; though when 
once its introduction had led to the essentia! parts of the 
foot-lathe being disposed in the manner now so familiar to 
us, there remained hut little to be desired in the way of 
improving its general principle. Almost all subsequent im- 
provements have either been improvements of construction 
rather than of principle, or they have aimed at extending 
its powers by means of supplementary apparatus used in 
conjunction with it. 

Fig. 1 16 gives a good idea of a wood-turner's lathe at an 
early stage of its gradual development. It is evident that 
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its construction involves the use of ironwork to a consider- 
ably greater extent than was necessary for a pole-lathe, but 
still the amount contained in it is but small In converting 
his pole-lathe into a foot-lathe such as this, the turner of 




former days would have had to call in the aid of a black- 
smith or a millwright to provide him with a cranked iron 
shaft {g), a hook {k\ iron spokes, and perhaps also an iron 
boss, for the fly-wheel (c), an iron mandril (m), an iron tool- 
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rest (A), if he had not previously possessed one, a few additional 
dead centre screws (/), but for little or nothbg besides. 
The wooden standards (a, a,) tiie bed {b), and the fixed and 
moving headstocks (d and e) served him as before ; the treadle 
(J) consisted of a wooden frame, and a built-up wooden 
ring formed the rim of the fly-wheel. The mandril pulley 
(/), and in some cases also the front bearing in which the 
mandril revolved, were of wood, though a chick iron plate 
bored out to fit the mandril and let into the headstock {d) 
was sometimes used, and must greatly have improved the 
steadiness and durability of the arrangement, which at best 
was a bad one. 

In the construction of the mandril and headstocks, 
indeed, is to be found the chief point of superiority of the 
soft-wood turner's lathe of our own day. The framing 
often differs but little from that represented in the woodcut, 
and the wooden fly-wheel is sometimes retained by preference 
— owing chiefly to the facility with which it can be started 
and stopped — but the form and fitting of the mandril, which 
are first essentials to a lathe's satistactory performance, show 
a very considerable advance. 

Thus modified, such a lathe, which can be obtained at 
a very small cost, may suffice for turning the softer kinds of 
wood, for which approximate truth of outline only is re- 
quired, more especially if any work which extends far from 
the mandril can be supported at its extremity by ihe back 
centre {«). But when harder materials, such as brass or 
iron, which demand a much higher degree of accuracy, have 
to be treated, or even when soft ones (owing to their being 
hollowed out or from other causes) cannot receive this ad- 
ditional support, so that their steadiness whilst revolving is 
dependent wholly upon the steadiness of the lathe generally 
and of the mandril in particular, then the unsuitability of 
timber for almost every part of a lath« makes itself felt. 

Fig, 1 1 7 represents an ordinary Mechanic's Foot-lathe ol 
modem construction. On comparing this with the old 

I, .,■,,-< 1 1, Google 
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lathe (Fi^ 116), it will be observed at once how very little 
woodwork now survives. The wooden bed has given place 
to one of cast iron (*), the standards [a, a,\ the fly-wheel 
(c), the headstocks {d and e), are all now of cast iron, and even 
ihe framing of the treadle (/) is of wrought iron. Timber, in 
short, is entirely dispensed with, except for the foot-board of 
the treadle (/) and the back-board. (This last forms a sort 
of table behind the bed. Only the raised hinder edge of it 



can be seen in the engraving.) Changes of construction 
have necessarily followed upon these changes of material, 
and the lathe designer, having become free to give to the 
several parts almost any form that seemed to him most suit- 
able, which was not the case when he was bound by the exi- 
gencies of timber, considerable differences of detail have 
resulted 

In noticing one or two of these details let us bear in 
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mind that a good foot-lathe should possess the following 
qualities : — 

1st Steadiness and absence of vibration throughout, but 
especially in the mandril, which must be incapable of any 
movement except one of free revolution round its axis. 

2nd. Lightness in running 

3rd. Straightness and truth of bed, and perfect parallelism 
between it and the axis of the mandril, so that the back 
centre stands always accurately in line with the mandril, 

4th. High finish in all working surfaces, and the use of 
materials for them which will insure durability. 

It is also desirable that a lathe in which both hard and 
soft substances, or articles diifering much in diameter, may 
have to be turned, should possess the means of varying the 
speed of the mandril to a greater extent than can be done by 
driving the fly-wheel faster or slower within the small limits 
of variation possible with the crank and treadle. This is 
generally effected by providing the edges of the ily-wheeland 
the pulley of the mandril with several grooves of different 
diameter, so that the lathe-band can run either in a large 
groove on the fly-wheel and a small one on the pulley, or 
the reverse. In the lathe represented in Fig. 1 1 7, the speed 
of the mandril can in this way be varied from 7 times to 
only if times that of the crank-shaft. 

The general steadiness of a lathe depends much upon 
the form of the standards {a, a), which are usually provided 
with sufficient width of base to prevent motion in a direc- 
tion transverse to the bed, but are not always sufficiently 
well connected with it at their summits to resist its tendency 
to vibration in the direction of its length, 

Beds of foot- lathes generally now consist of two beams 
or 'cheeks ' held a short distance apart by transverse pieces 
at their ends, the whole of these being cast in one. What- 
ever may be the form of its cross section, the bed must 
afford the means of keeping the fixed headstock (d) and the 
moving headstock or ' back poppet ' (A constantly in the 



rjS Workslwp Appliances. [Chap. 

line of the axis of the inandriL With the old wooden beds 
the only means of doing this was by carefully planing up the 
horizontal upper surfaces and the inner vertical feces of the 
two beams, each headstock being then provided with a ver- 
tical feather of a thickness exactly corresponding with the 
distance between the beams. The planing machine has 
rendered easy the adoption of the same plan with iron beds, 
for the cheeks of which the wide flat tops are often retained, 
though the planed portion of the vertical faces is much 
reduced in depth. Sometimes, however, both the horizontal 
and vertical faces are done away with, and others, inclined 
to one another at an angle of about 60°, are substituted for 
them, the upper edge of each cheek thus having its cross- 
section of the form of an inverted V- Corresponding 
V-shaped grooves are then made in the bases of the head- 
stocks, which are thus kept in line without any vertical 
feather. The tool-rest is then furnbhed with a small 
sliding table with similar grooves on its under-side. A 
favourite form of bed is that of the lathe in Fig. 117, con- 
sisting of one flat and one y-shaped cheek, the flat one 
being in front, where the pressure is greatest The table 
under the rest can be clearly seen in the engraving, and 
the section of the upper part of the bed is indicated in 
Fig 157- 

A single triangular bar frequently consritutes the bed 
of small lathes such as are used by watchmakers, the head- 
stocks being placed as it were astride on its upper edge. 
This form, which is very effective in preventing lateral 
motion, was applied by Mr. Maudslay to large lathes as well 
as small ones, but for the former it has now been entirely 
abandoned, its resistance to torsion being clearly inferior to 
that of ordinary beds with double beams. 

We now come to the most vitally important part of the 
turning-lathe, viz. the mandril, upon which both the lathe- 
maker and the lathe -purchaser should always bestow special 
attention, inasmuch as a badly designed or badty fitted 
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mandril will certainly sooner or later be found unsatisfactor)- 
in its performance. 

The left-hand portion of Fig, 118 represents a vertical 
section through the fixed headstock of a good foot-lathe for 
general turning. It will be observed that the mandril consists 
ofa short round spindle or shaft, ofwhichoneend (the hinder 
end) is pointed, and the other is screwed, to receive chucks 
&C. for the attachment of the work. Immediately behind 
the screw is the front bearing, formed by turning the man- 
dril truly cylindrical for about five sixths of the thickness of 
the headstock which carries it, the remaining sutth being 
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conical, so as to form a bevelled shoulder, which also is 
carefully faced. The entire mandril is now frequently made 
of steel, but when it is of wrought iron the bearing portion 
is case-hardened, so as diminish its tendency to wear. For 
a similar reason the headstock where the mandril passes 
through it is ' bushed ' with steel. In this ' bush ' the 
mandril is so carefully fitted that, although it is capable of 
revolving with perfect freedom, not the slightest tendency 
to 'shake' in a direction transverse to its axis can be 
detected. 

The hinder end of the mandril, of which the point is 
invariably of steel, is carried by a steel (or steel-tipped) 
screw, of which the end is slightly hollowed out to receive 
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it, a fine teading-hole running into the body of the screw 
for some little distance, so that when wear takes place the 
true centering of the mandril may still be maintained. This 
arrangement is sometimes reversed, the screw being pointed 
and the mandril recessed In either case, by slightly 
tightening up the screw, compensation is obtained for any 
wearing away of the conical shoulder or its bush, a set- 
screw being added to hold the screw always perfectly firm, 
except when any such adjustment is required. 

The necessity for employing such means as the above 
for always confining the revolving mandril to a truly circular 
path is obvious when we consider that every departure 
which it makes from such a path is reproduced in an in- 
creased degree upon the work attached to it, except when 
this is provided with some independent support, such as 
that of the back centre. A very small amount of slackness 
in the mandril induces the vibration or 'chattering' which, 
in certain kinds of work, is one of the greatest enemies of 
the turner. In some of the early lathes compensation for 
wear of the mandril was provided by giving to its front 
bearing a slighdy tapered form throughout the thickness of 
the headstock ; but it has then much tendency to become 
jammed, so that the cylindrical bearing and conical shoulder 
above described are a great improvement upon it 

The mandril pulley, with its conical form and its many 
grooves (of which the object has already been mentioned) 
can be clearly seen in the section (Fig. ii8). Lathes in- 
tended for ornamental turning, and for some other purposes 
into which we cannot enter here, have the front face of the 
pulley graduated with scales of equal parts. To receive 
these graduations a brass plate is fixed to the face if the 
pulley be of wood— as it frequently used to be— or if it be 
of cast iron, as it now more frequently is. But the more 
highly finished modem lathes generally have the mandril 
pulley made wholly of gun metal 

The construction of a Moving Headstock or Baek Ihppit 
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similar to that represented (at ;) in Fig. 117 is shown in the 
right-hand portion of Fig. 118, Its chief use is to afford 
the additional support of a dead centre to any piece of work 
which would be unsteady, or would bring an undue strain 
upon the mandril if attached to it without such supplemen- 
tary aid. The steel point, or ' back centre,' as it is called, is 
made to enter the revolving work Co a short distance, thus 
giving the necessary support without materially adding to 
the ftiction. It is highly important that the back centre 
should be always exactly in the line of the axis of the man- 
dril, whilst at the same time the distance between it and the 
headstock must admit of ready and rapid adjustment The 
poppet is therefore made movable along the bed, the form 
of which confines its motion to the proper line, as already 
explained, a screw, working in the tapped hole which 
appears in the section, enabling it to be securely clamped in 
any position along the line. 

After the poppet has thus been fixed close to the end of 
the work the back centre can be adjusted by turning its 
hand-wheel, _which works the sliding cylinder by which it 
is canied An examination of the section in Fig. 118 will 
explain the reason of its movement The spindle upon 
which the hand-wheel is keyed is screwed for about half 
its length into the sliding cylinder, this being made hollow 
in order to receive it But a large shoulder, which is kept 
up to the back of the poppet-head by a cap, prevents the 
spindle from changing its own position ; and a pin, ranning 
in a groove upon its under-side, resists any inclination on 
the part of the sliding cylinder to revolve with the spindle. 
When, therefore, the hand-wheel is turned, the cylinder is 
made to slide, towards the mandril when the upper part of 
the wheel is moved to the right, and away from it when to 
the left, the screw upon the spindle being made left-handed 
with this intention. The back-centre having thus been 
satis^torily adjusted, the sliding cylinder can be damped 
by the set-screw above it It is evident that the back-centre 
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can be always truly in line with the mandril only if the 
cylinder which carries is also in line, so that the correct 
boring of the poppet in the first instance is a matter of great 
importance. 

In drilling tnetal, &c, with a drill attached to the man- 
dril, a circular plate, flat in front, and having at its bacfa 
a boss fitting into the end of the sliding cylinder, may be 
advantageously substituted for the steel point. 

The Tool-Resl (k, Fig. 1 1 7) has already been alluded to. 
It is capable of free movement horizontally in any direction 
on the lathe bed, but can be instantly clamped at any point 
by means of a bolt which passes downwards to the handle 
below the bed, the bolt-head fitting loosely in a dove-tailed 
groove on the under side of the stand which carries the 
X-piece upon which the tool is rested. A set-screw, which 
appears in the engraving, enables the y to be fixed at any 
desired height One or two extra j-pieces are generally 
supplied with a foot lathe, additional length of head being 
advantageous in turning long cylindrical work, and a broad 
flat head being necessary for some kinds of metal turning. 

The size of the work which can be turned ^n a lathe is 
limited by the height of the axis of the mandril above the 
bed, twice this height being the greatest diameter admissible. 
In order to judge of the capabilities of any particular lathe, 
we must know this height, and also the length of the bed, 
which, after deducting the portions of it occupied by the 
headstock and back poppet, determines the length of work 
which can be treated. Thus the lathe in the figure (Fig. 1 1 7) 
would be described as a 5-inch lathe, 3 feet 6 inches bed, 
and it could take in work 10 inches in diameter or 2 feet 
long. 

Lalhe-bartds, by which the power is transmitted from the 
fly-wheel to the mandril, are best made from a single strand 
of catgut, though cord, gutta-percha, and other substances 
are occasionally used. Whatever the material, the two ends 
should be securely joined together without any sudden 

I ■, .11 Gooi^lc 



v.l 



Lathe Bands. 



■43 



increase in the diameter of the band In the case of gut 
this is usually effected by screwing the ends into a pair of 
small steel sockets, one of which terminates in a hook and 
the other in an eye, as in Fig. 119, and this has the advan- 
tage of enabling them to be readily disconnected when a 



@])(£B 



id Eye Fot Lalhe Bund. 



different length of band has to be substituted— as for the 
slow speed in the lathe represented in Fig. 117. 

When no such change is required, as in lathes for soft- 
wood turning only, the arrangement shown in the diagram 
(Fig. 120) possesses advantages. The 
mandril pulley and fly-wheel have then 1: 
each only a single groove, the band 
taking a complete turn round the pulley, 
so that it has much less tendency to slip, 
and its t^htness can therefore be much 
reduced. Vertically over the mandril is 
a hinged or pivoted frame, carrying a 

freely revolving sheave over which the 

band passes, and by which, through the 

action of a weight increased or diminished 

at pleasure, its tension is regulated It 

will be observed that whether the ten- 
sion is great or small it puts no side strain 

upon the mandril, nor does its amount 

vary with every change in the degree of I 

moisture in the atmosphere, which is a 

source of constant trouble with bands 

arranged in the ordinary way. 

The first step in a turner's operations Fic laa-Laihe band 

.... . . ,. ,. triih liehleninc puJlty. 

ordmaniy consists in attachmg his ma- 
terial to the mandril in such a manaer that it may ehaie its 
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revolution. For this purpose he provides himseU with an 
assortment of chucks, each of which, being fitted to the 
mandriJ by means of the coarse-threaded screw at its ex- 
tremity, can be readily attached or removed from it Com- 
mencing with those which generally accompany a wood- 
lathe, we shall find that the one which shows the smallest 
advance upon the old system of fixing between two dead 
centres (as in Fig. 114) is ih^ fork-chuck (Fig. 121). The 
fork being driven a small distance into one end of a 
piece of wood, the other end is supported by the back- 
centre. For work which requires to be turned on the out- 
side only, without being ' hollowed ' at all, this method of 



fixing it has much to recommend it, especially when the 
length greatly exceeds the diameter. For rather harder 
materials a smaller kind of fork is often used— the cross 
kerf—oi which the prongs ate arranged thus ( -|- ), enabling 
work of much smaller diameter to be turned up to the end 
without fear of their coming into contact with the edge of 
the tool. In either case the fork is fitted, either movably or 
permanently, into its chuck, which may be either of wrought 
or cast iron, brass, or gun-metal — the latter being generally 
preferred, though it seems to possess but little advantage 
over malleable cast iron, either for this or for any of the 
ordinary fooC-lathe chucks. 

From tvio^osiy.cup-ckucks (Fig. laa) are usually supplied, 
and the turner is apt to supplement these with many others 
which he miflces for himself from pieces of hard wood ' tapped ' 
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to fit the mandril screw. They are, above all others, in con- 
stant requisition. For when once a piece of work is securely 
'chucked' by fitting and driving it into a cap-chuck — and 
the knack of doing this with speed and certainty is one 
which It is most important for a turner to acquire— the sup- 
port of the back centre becomes no longer necessary, so 
that the work can be drilled or hollowed out, or its end face 
can be turned in any desired manner, provided, at least, 
that its length does not greatly exceed its diameter. 

Wooden cup-chucks often have additional elasticity given 
to them by slitting them for a considerable portion of their 
length with a series of longitudinal saw-cuts, in the manner 
shown in Fig. 123. Such chucks are used in turning 
billiard balls, and for many similar purposes, and are known 
as Spring Chucks. They hold with a very firm 
but delicate grip, when the diameter of the cup ff , ' (6 tj. 
is just sufficiently smaller than that of the work (*. !lJ3 
to oblige the saw cuts to spring open slightly ^^^^» 
in order to admit the work, and the grip can ^'°- "^■ 
be further increased, if required, by forcing a Spnng chuck. 
ring over the slightly tapered exterior of the chuck. 

Fig. 124 represents a Screztr Chuck for holding pieces of 
work of small thickness, which may be of as large diameter 

as the lathe can take— such as wooden discs 

cut ' plankways ' of the grain. For chucking 
such things, however, a turner often prefers to 
employ a simple piece of hard wood screwed • 

upon the mandril and glued to the back of his 
work, which is thus saved from the disfigure- 
ment of the hole which the screw-chuck leaves 
behind it smw chuck 

Two chucks for the attachment of metal- 
work will probably complete the list of apparatus included 
by the maker with a lathe such as we have been describing. 
These are the arrangements known as the Dog and Driver, 
or Driver and Carrier, and the Face Plate. 

^ I ,■,,-< 1 1, Google 
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The principle of the driver and carrier consists in sup- 
porting the work upon two steel points by means of a 
small centre hole at each of its ends, one point being 
attached to the mandril, the other to the poppet or back 
centre It is thus rigidly supported, and is incapable of 



any motion except that of revolution. In order to cause it 
to revolve with the mandril, a dog or carrier is attached to 
the end of it which lies towards the left hand of the work- 
man, and a driver is so fixed to the mandril as to move with 
it The forms of Carriers vary with the shape of the work 




to which they are to be applied, those represented in Fig. 
125 being amongst the most useful for circular and other 
ordinary sections. Fig. 126 shows the Driven which are 
most freijuently used in foot-lathes. The facility with which 
this system lends itself to work of the most varied shapes 
and sizes, — provided that its exterior only is to be turned, — 
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together with the advantage which it presents in enabling 
it at any time to be again chucked concentrically, combine 
to make it of very general application. The rigidity with 
which the work is thus supported — which is a very necessary 
quality when hard and unyielding materials are under treat- 
ment — is also much in its favour. 

Face plates are as largely employed for holding metal- 
work which has to be treated in the lathe without having the 
support of the back centre as drivers and _ 

carriers are for such as can be so supported. 
Those of the small sizes used with foot- 
lathes consist— as may be seen in Fig. 127 , 
— merely of a strong cast-iron plate, some- ' 
what increased in thickness at its centre, 
where it is tapped to lit the mandril 
screw. The face, which is turned true and p^. _ ^,^-p\^^ 
flat, is j>erforated with numerous holes or 
slots, or with a combination of the two. To this face the 
work is secured by means of bolts passed through the plate 
and through holes in the work itself when such exist in 
suitable positions, or, when they do not, by clipping it 
with hook-bolts or clamps, or in any other way that suits 
the particular case. Several forms of clamps are given in 
Fig. izS, the method of applying them being sufficiently 



obvious. The one on the left hand is shown with a 
T-headed bolt, which is convenient, as it can be passed 
through a slotted face-plate without removing the nut. 
That on the right hand enables objects to be secured upon 
the face-plates even when they have no projecting flanges 
which can be clipped, four, or at least thret^-olitgese being, 
of course, used simultaneously. ■•' '■* • ■*' 

L3 I n. II, Google 



148 Workshop Appliances. [Chap. 

These also give great facilities for centering correctly 
any piece of metal-work, which it is generaUy of much 
greater importance to be able to do when dealing with Hard 
\naterials than with soft ones. 

Amongst the chucks for metal which are occasionally 
used with the foot-lathe, though their duties are for the 
most part amongst the heavier lathes which we shall notice 
presently, the three following should be mentioned. The 
Four-Jaw Chuck (Fig, 129), which is, in fact, a face-plate 
with four permanently attached jaws, each of which can be 
moved independently, in a radial direction, by means of a 
screw behind it recessed into ttie back of the plate. Their 
pressure can be either inwards or outwafds, so that work 
can be held by them either externally or internally, as most 
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convenient. With this chuck, and also with the Bell Chuck 
(Fig. 130) which admits articles of small diameter only, but 
holds them with great firmness, true centering is only a 
question of suitable adjustment of the screws. 

The Cone Chuck (Fig. 131), on the other hand, is a self- 
centering chuck, though one of somewhat limited applica- 
tion. It is chiefly useful for chucking any flat piece of 
work (such as a circular disc) which has a central hole, but 
the hole must be of sufficient, and not of too great size for 
the cone, which slides upon the central pin of the chuck, 
to take a bearing in iL 

A corfiwoir Tr.i^hod of chucking such things as discs or 
rings is m'efely- fo' dtlve them tightly upon a mandril or 
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arbor, either parallel or tapered, the arbor itself being then 
chucked with the driver and carrier in the manner described 
above. But with a taper arbor, unless the h6le in the work 
is simUarly tapered, the (it cannot be otherwise than imperfect. 
Expanding Mandrils, such as Fig. 132, enable a tight grip 
to be obtained with a parallel-sided hole of any diameter 
within the range for which the mandril is made. The 



action of the three sliding feathers by which this is effected 
will be readily understood from the engraving. 

The great saving of time which results from the employ- 
ment of self-centering apparatus in the lathe has of late 
brought chucks upon this plan into very extensive use. A 
great variety of American (or so-called American) chucks 
are now to be met with, the work being held in them by 
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three or four jaws which can be moved simultaneously in a 
radial directioa The device is by no means new, chucks 
on this principle having been made in the workshop of the 
late Mr. Holtzapffel many years before American ones were 
heard o£ 

A ScroH Chuck of this kind with three ' stepped ' jaws 
is represented in Fig. 134. together with a section through 
the centre which will explain its actioa The body of the 
chuck is formed of three pieces, marked a, b, and C, which, 
however, when once put together, fortn \a.-a& intents and 
purposes but one piece. Inclosed >£>et^<ien -a* %nd b is a 
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ring, D, which can revolve independently. In the face of 
the chuck are three radial grooves, each of which has two 
feathers projecting from its sides into the body of the groove. 
Sliding freely along these grooves and feathers are the three 
jaws. On the face of the ring (d) a spiral of about 3^ revo- 
lutions is cut, of such width and depth that its section 
resembles that of a square- threaded screw. Counterparts of 
the spiral are formed on the internal edge of each of the 





Jaws of Self-wnli 



jaws, which, when in position, are in contact with the face 
of the ring d. Consequently, by causing this ring to revolve 
while the body of the chuck is at rest, the three jaws are all 
made to advance or to recede from the centre to an equal 
extent Tliis is readily effected by introducing two pins, or — 
what is better— two chuck- WTenches, of the form shown in 
Fig. 133, into the holes made for that purpose in the cir- 
cumference^w BjaKti. C. '. 

Scroll chticks, ii'OweVtr, are now generally made lighter 
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and less cumbrous than the above, and the work is brought 
much nearer the mandril, to which it should always be 
kept as close as possible. In some patterns of self-centering 
or ' universal ' chucks, as they are sometimes called, means 
are also provided for moving each jaw independently when 
desired, and the jaws are made either reversible, as in 
Fig, 135, for chucking articles internally, or altogether 
removable, so that they can be changed for others more 
suited to any particular piece of work. 

Small self-centering chucks are now very much used for 
chucking twist drills and cylindrical work of small diameter. 
One such Drill Chuck is represented in Fig. 136, but many 
other varieties are to be met with. When made with suffi- 
cient correctness to insure the jaws running true in all 
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positions, and when once truly fitted to the mandril (an 
operation by no means free from difficulty), a drill chuck is 
one of the most serviceable additions which can be made to 
the ■accessories of a foot-lathe. 

Before self-centering chucks came into general use, 
metal spring chucks, on the same principle as the wood 
spring diucks above described, or Dit Chucks, with various 
forms of adjustable dies, were employed for holding drills, 
wires, &c., in the lathe. The chief disadvantage of spring 
chucks for the purpose is that each is adapted only to one 
particular diameter, to which the shank of each drill, or a 
portion of each piece of work to be chucked in it, must 
therefore be reduced ; and die chucks — such, at least, as 
have a pair of dies working independently of each other- 
entail trouble in centering, and have no means of adjusting 
the work except in one direction. On the other hand, they 
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can take in articles which chucks with three jaws cannot — 
such as those of which the cross-section is rectangular. 

The Boring Collar (Fig. 137) is occasionally of great 
service in enabling a piece of work to be bored in the lathe, 
even though its length or other causes may require that it 
should have support resembhng that of the back centre, 
which clearly cannot be used in such cases. It consists of 
A thick vertical plate containing a series of countersunk 
holes of different sizes, which can be clamped at any part of 
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the lathe bed. When in use, whichever hole is of suitable 
si^e for the extremity of the work to enter, but not to pass 
through it, is brought to the top, in which position the 
centre of the hole is in the line of the axis of the mandriL 
The boring tool is then applied from the opposite side of 
the plate. 

The cast-iron support which carries the boring collar 
is also sometimes fitted with an adjustable Back-stay, for 
the purpose of steadying any very long or slender articles 
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whilst being turned A wood-turner's substitute for it, 
which arrives at the same result by much less costly means, 
is shown in Fig. 138 ; and in Fig. 139 is an independent 
Back-stay sufficiently rigid for metal work. 

The tools of the professional wood-turner are apt to be 
few in number and simple in kind. For soft wood two or 
three Chisels and Gouges of different sizes, 
and a Parting tool, meet most of his re- 
quirements as far as outside turning is con- 
cerned, whilst for inside work he supple- 
ments these with some form of Side tool 
for smoothing the hollowed portions, 
which he easily and quickly roughs out 
with his gouge. Some soft-wood turning 
tools are represented in Figs. 140 to 144. 
The oblique edges of the chisels (Fig. F'C. iM--Meu! 
140), which are ground from both sides, 
and the almost pointed shape of the gouges (Fig. 141) should 
be noticed, as in these respects — as also in acuteness of the 
angle to which they are ground— they differ greatly from the 
joiners' tools in Chapter 11. The length of their handles 
is also characteristic. The Parting tool, or 'scriever' for 
soft wood (Fig. 142), is distinguishable by the V-shaped 
groove in its upper surface, which converts what in its hard- 
wood representative is a mere scraping edge into a pair 
of lancet-like points, capable of making a perfectly clean 
cut across the slightly cohering fibres of the wood. Its 
action is thus precisely analogous to that of a cross-cut saw. 

Hook tools (Fig. 144) are used for undercutting or 
hollowing work which cannot be reached with a gouge, 
owing either to the great depth of the hollow, or to other 
causes.- Their stems, and also those of the Side tools 
(Fig. 144), are sometimes cranked, in the manner shown in 
the engraving. The object of this is to obtain greater pur- 
chase for resisting the tendency to turn over whilst cutting, 
which is considerable in 'greedy' tools of this kind 
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For the harder kinds of wood and other materkls of 
medium hardness, the hand-turner often employs chisels 
and gouges resembling these, but ground to a less acute 
angle, so as to have thicker and stronger edges. Scraping 




tools, however, supersede them to a great extent even for 
hard wood, and almost entirely for still harder substances, 
such as ivory, brass, &c. The Round tool (Fig, 145) and 
Sidi tool (Fig. 146) may be taken as types of such scraping 
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tools, their shapes and the angles or ' thickness ' of their edges 
being varied as required. Inside Parting tools (Fig, 148) 
are used in the manner implied by their name, and are 
often of service for removing in a single piece from hollowed 
work a considerable portion of material which must other- 
wise have been wasted. Besides these we can only here 
mention the Diamond-pointed Graver (Fig, 149), a service- 
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able tool which, according to the position in which it is 
held, forms either a scraping or a paring tool, and acts 
efficiently either upon boxwood — that perfection of material 
for hand- turning— or upon metals as refi-actory and un- 
pleasant as copper and wrought iron. 

For turning wrought-iron and steel tools which act by 
scraping only are not adapted. Their edges and the 
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inclination at which they are held should be such as to 
insure a cutting action almost resembling that of a soft-wood 
paring chisel But for these stubborn materials hand tools 
are now but little employed, except for work of small 
diameter, the great steadiness which is essential to making 
an efficient cut being difficult of attainment when the tool 
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is held in the hand, and easily attainable with a slide-resL 
Consequently the Heel tools, which in former days were the 
turner's only means of successfully attacking such sub- 
stances, have now fallen greatly into disuse. In using these 
tools — forms of which are shown in Figs. 150 and 151 — 

Fig. Tji.-Toola for turning CaM-Inra. 

the ' heel ' is supported by the wide and flat-topped rest 
already alluded to, the pressure produced by the cui being 
thus transferred directly to the rest-holder and lathe-bee^ 
and causing little or no strain upon the hands of the work- 
man. But the necessity for having the toot completely 
under control, and the small amount of motion to be gjven 

D,g,r,z»-i b, Gi.>oi^li: 
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to it for determining the depth of its cut, obliges it to be 
securely fixed in some long and powerful handle. It is 
therefore used with a Tool-holder, such as that which appears 
in the engraving, being laid in a groove on its upper surface 
and there held by an eye-bolt which passes through tJie handle, 
and which can be tightened by a nut at the tower end of it. 
The tool-holder is of sufficient length to pass under the 
shoulder of the operator, its upper portion being firmly 
grasped by his left hand, and the handle held in his right 
The tendency of heel-tools to catch in the work can thus 
be resisted, though their use requires caution, especially If 
used with power lathes, one fatal accident in turning up a 
wrought-iron crank through the workman being thrown 
completely over the lathe having come to the author's 
knowledge. 

It must, of course, not be supposed that the tools shown 
in the foregoing figures are the only kinds employed for the 
several purposes mentioned They have been chosen merely 
as every-day examples, and thsy are not necessarily the best 
adapted to any particular case. A handy turner, indeed, will 
sometimes altogether alter the form of a tool that it may 
the better serve his purpose, or he will extemporise one for 
himself from an old smooth file or other suitable piece of 



steel. A side tool, for instance, can be readily made by 
grinding down a worn-out flat file in the manner shown 
in Fig. 153, or a 3-square file can be converted into a 
pointed tool capable of doing quite as good service as a 
diamond -pointed graver. 

For such purposes, as well as for properly maintaining 
the edges of all his cutting- tools, a good grindstone ready 
for use at any moment is a first es.sential to the turner, good 
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results being almost incompatible with the use of blunt tools 
in this as in other crafts. With soft materials especially their 
bad effects cannot be thoroughly removed by any subse- 
quent treatment— with glass-paper, for example— so that the 
first lesson which should be learnt by a beginner is the art 
of using his grindstone and oilstone with speed and effect 

The edges of turning-tools intended for soft wood 
should be ground to an angle of from 20° to 30° ; those for 
hard wood, to from 40° to 80° ; whilst those which are to be 
used for brass may even exceed this latter angle, having 
sometimes a thickness of as much as 90°, In grinding 
turners' gouges, of which the edges possess the double curv- 
ature which gives them the circular or elliptical outline seen 
in the engraving, Fig. 141, the wrist motion mentioned in 
connection with the grinding of carpenters' gouges is required, 
and, in addition to it, constant change in the height at 
which the tool is applied to the stone. In the round-nose 
and such tools, of which the edges are curved in this one 
direction only, a similar change of position upon the stone 
is also necessary ; but in their case it must not be accom- 
panied by any revolution about the axis of the tool. 

Substances of which the hardness is equal or superior 
to that of tempered steel cannot, of course, be worked with 
steel tools, either in the lathe or out of it, so that in their 
case the turner is compelled to seek some still harder mate- 
rial. Nothing that we are acquainted with exceeds the 
diamond in hardness, and when mounted as a hand-tool, 
or, still better, as a slide-rest tool, it can sometimes be used 
with good effect upon mineral substances against which steel 
is powerless. But for turning hardened steel itself, it is best 
employed in the indirect manner which will be pointed out 
in a future chapter in connection with emery grinding: 

Boring Bits and Drills are frequently employed by 
turners in a reverse way to that in which they are used for 
drilling, the work being made to revolve instead of the 
drill The Spoon Bit (Fig, 58) often serves for boring soft 
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materials in this way, and several of the drills in Fig. 74, for 
boring hard ones. Two Boring-tools, of which the use is 
conRned to the lathe, are represented in Fig. 153. The old 
form of Drill (?)— to which Plumier gives the descriptive 
name of ' langue de serpent '—is not suitable for either very 
hard or very soft materials. The Half-round Bit {h) is for 




hard substances, which it is capable of boring truly and 
smoothly. At the opposite end to that shown in the en- 
graving it has a centre hole, by means of which it is sup- 
ported on the back centre and driven forward by the poppet 
screw, a spanner or clip preventing it from revolving. Its 
chief U'^e, however, is to give a smooth finishing cut to a 
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hole already drilled in any piece of metal work, and it is 
well adapted for correcting the irregularities which result 
from using drills which do not themselves possess sufficient 
means of guidance ; but it seems preferable to avoid these 
errors in the first instance by employing twist drills or 
others which are free from this great defect. A self-guiding 
centre -bit, consisting merely of a drill of this kind, provided 
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with a spur and lips, which cuts a straight and dean hole 
through soft wood in any direction of the grain, and which 
forms an excellent boring-tool for use in the lathe, is also 
shown in the engraving. 

The production of screw-threads by means of Chasing 
tools is one of the prettiest operations of the hand-turner's 
art The cutting portions of a pair of such ' chasing ' or 
'screw' tools are represented in Figs. 154 and 155, the 
one being used for external, and the other for internal or 
'female,' screws. Tools with coarse threads have been 
chosen for these illustrations for the sake of clearness, but 
fine ones are principally used. In chasing a screw-thread, 
a perfectly uniform motion parallel to the axis of the work 
must be given to the tool, the speed being such as to make 
it advance one thread during each revolution of the mandril. 
As might be expected, the operation requires considerable 
practice, especially in cutting coarse threads, for which the 
motion of the tool is considerable — error in the speed im- 
parted to it resulting either in uneven or ' drunken ' screws, 
or in double threads. But a good workman can thus pro- 
duce with ease and certainty screws of the greatest clean- 
ness and delicacy, and — the pressure required being verj- 
slight— they can be cut by this method on the thinnest and 
most fragile materials, which would be quite unable to resist 
the more violent treatment to which they would be sub- 
jected in the screw-cutting processes previously mentioned. 
This system is used to a very great extent by opticians 
for the brass fittings of telescopes, microscopes, &c., ihe 
thickness of the brass ' triblet ' tubes employed frequently 
exceeding only to a very small extent the depth of the 
screw-thread which is cut upon them. 

Foot-lathes are occasionally provided with mechanical 
means for screw -cutting, but this always entails some sacri- 
fice of lightness in running. The Traversing Mandril is an 
old expedient for that purpose. The ' traverse ' is obtained 
by making the mandril parallel throughout both its bear- 
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ings, and for some distance behind each, and providing 
some portion of it with an external screw similar in pitch to 
the one which is to be cut This screw, being made to 
engage with a corresponding nut (or portion of a nut) at- 
tached to the headstock, causes the mandril at each revolu- 
tion to move endways through a space equal to the distance 
between the threads. Consequently a pointed tool held 
perfectly still in contact with the work will trace out upon it 
a similar screw-thread. 

With a traversing. mandril the back centre cannot be 
used, so that the threads of long screws or any articles for 
which the support of the mandril is insufficient cannot 
easily be cut in this way. Their production, and indeed all 
turning of metal work of which either the length or the 
diameter is considerable, lies rather beyond the province of 
foot-lathes. When it is necessary to employ them for such 
purposes, they require to be provided with self-acting gear 
resembling that of screw-cutting power -lathes, particulars of 
which will be found in the next chapter. 

The immense advantage which would be gained by 
having a rigid support for a turning-tool, provided that at 
the same time a perfectly controllable movement in any 
desired direction could be given to it, will now be self- 
evident to the reader. It is therefore unnecessary to dwell 
upon the value of the Sliding Jtesi, which fulfils these 
requirements. Its introduction has done more towards 
extending the capabilities of the turning-lathe than have 
all other improvements put together. 

Before entering into the details of its construction, we 
should mention that the term ' slide ' is here used to denote 
two portions of a piece of mechanism, so connected together 
that movement can take place between them in one defi- 
nite direction, but in no other. Just as we saw that an 
ordinary latbe-mandri) must be able to revolve freely, but 
in all other respects must be immovable, so the two parts of 
a slide must be incapable of any independent motion except 
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the particular one for which they are constructed This 
result can be obtained by jointing them together in various 
ways. The ' dovetailed ' joint, which appears twice in 
Fig. 156, is one of the simplest for the purpose, but several 
Other forms of joint will be observed amongst our examples 
of machine tools, many of which depend for their very 
existence upon the practical application of the principle of 
the slide. 

A well-made slide must work with equal freedom at all 
parts of its traverse, without exhibiting any looseness or 
'shake-' These conditions can be completely fulfilled only 




when the sliding surfaces are perfectly similar and parallel : 
so that although the principle is simplicity itself, the opera- 
tion of fitting a slide with sufficient accuracy is by no means 
an easy one. It in fact resolves itself, in the case of ordin- 
ary slides, into the production of four pairs of parallel and 
truly plane surfaces, an operation of which the difficulty was 
almost insuperably great before the introduction of the 
scraping process described in Chapter IV. 

Fig. 156 represents a simple SUde-Rest, adapted for use 
with a foot-lathe. Clamped upon the lathe-bed b, b, is the 
base-plate a, which, with the sliding-plate f, forms the lower 
slide. Similarly d and t form the upper or cross-slide, on 
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the top of which is the tool-holder / Each slide is provided 
with a horizontal driving-screw with a handle attached to it, 
by turning which, motion can be imparted to the tool m a 
direction either parallel or transverse to the lathe -bed. And 
by combining these movements, or by altering the angle at 
which the upper slide is fixed upon the lower one (which a 
central pin and two bolts working in circular slots provide 
the means of doing), the slide-rest can also be used for turn- 
ing conical and other surfaces. 

It is important that the tool used with a slide-rest should 
be securely clipped, so that it may share to the fall extent 
the steadiness' of the rest itself. It must also be capable of 
being fixed parallel with either the upper or the lower slide, 
or at any inclination to them. The fixed tool-holders for- 
merly in use did not admit of this last desideratum, and to 
obviate this and other inconveniences connected with them, 
Professor Willis, in 1842, devised \\\h revolving tool-holder, 
which is similar in principle to the one in Fig. 156. This, 
when the set-screws which clip the tool 
are slackened, is free to revolve round 
the bolt which holds it down to the 
upper slide. 

Another tool-holder, rather more 
compact in appearance, which affords 
similar facilities for fixing the tool at 
any angle, and effects it by means of a ^^^ 

single screw, is shown in Fig. 157. circular Tooi-iioidsr. 
When it is not exerting pressure upon 
the tool, the slotted cylinder can be turned round on its axis. 
Its inability to hold any tool which cannot be passed through 
the slot is its chief disadvantage. But none of these tool- 
holders are now much employed, except in the case of the 
small slide-rests, of which the use is confined to the foot- 
lathe. In those of larger size, the only permanent provision 
for holding the tool is generally the introduction of four 
bolts into the upper portion of the cross-slide. These are 
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fixed with their heads downwards, and the tool is secured 
by being placed beneath two short perforated bars, which 
are slipped over the ends of the bolts, nuts being then 
screwed down upon them. The arrangement may be ob- 
served in the engraving of the duplex lathe (Fig. 182), and 
elsewhere in the next chapter, two only of the holding-down 
bolts being in use, and the opposite ends of the bars being 
supported by a short packing piece of the same height as 
the tool. 

Some examples of the slide-rest tooLf adapted for use 
with foot-lathes are given in Fig. 158, the uppermost of 
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them being known as a ' round nose,' and the others as a 
' square nose,' a ' hook tool,' and a ' spring tool,' respectively. 
The first of these is shown also in position oti the slide-rest. 
Fig. 156. Such tools for the most part differ in respect of 
size only from those with which heavy work is treated in 
power-lathes, — some of which will be found amongst the en- 
gravings in the next chapter,^the former being rarely made 
from larger steel than half-inch square, and one-inch square 
being the smallest ordinary size for the latter. 

Considerable economy in tool steel can be effected by 
employing loose cutters and Cutter Holders, snch as, Fig. 159, 
the holder being there made of inferior steel, or even of 
iron. The system was long ago advocated by the late Mr. 
Babble, on this score, and also on account of the much 
greater facility with which loose cutters can be sharpened. 
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Thus, the ordinary diamond -pointed hook tool in Fig. 158 
must be carefully foiled and tempered to begin with, and, 
when blunt, must be ground at the top and on its two sides. 
A similar tool can be made by tixin£ in an appropriate 
cutler-holder a short piece of 
steel of triangular section, which ~ 

can be sharpened by grinding 

its upper face only. The neces- 

Mty lor adjusting the height of 

the rest, as the tool gets worn 

away in sharpening, is also dis- fio. iss.-Cunet.HoWer. 

pensed with when holders with 

loose cutters are substituted for the usual hook tools. 

Several patterns besides that shown in Fig. 159 are now 

made, some of which will be found in Chapter VI. 

Two patterns of Turners' Callipers are shown in Fig. 160, 
those on the left hand having points equidistant from the 




centre at both ends of their legs, so that exact correspond- 
ence between an 'outside' diameter measured with the one, 
and an inside diameter checked by the other, can easily be 
obtained. 

The Centering Square (Fig. 161) is a simple expedient 
for finding the centre of any circular piece of wood, or other 
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maWrinl, of which the radius does not exceed the length of 
[he blade. Bringing the V-shaped stock u|> lo the circum- 
ference in any two positions, and passing a pencil or scriber 
along the blade, the point of intersection of the lines so 
drawn shows at once the centre of the circle. In the case 



of drcular work of small diameter the centre can be even 
more readily found by means of the Centering Punch 
(Fig. i6z), which is merely a pointed steel punch with parallel 
sides, sliding freely in the stem of an inverted funnel, or 
centering cone. To whatever distance the 
circular end of the work may enter this cone, 
the point of the punch will be always at its 
centre, which spot can be marked by giving 
the top of the punch a light blow with a 
hammer. This simple contrivance does not 
seem to have met with very general accept- 
ance, though without the cone the pointed 
centre punch is to be met with in every 
workshop in which metal-turning or drilling 
is carried on. 
Centeri.* Punch. ^o attempt to describe the various ac- 

cessory and occasional apparatus used with 
foot-lathes would lead us far tjeyond our limits, but we 
may briefly notice in conclusion a few of those which 
frequently provide the amateur with innocent recreation, 
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though they are not often to be found in the shop of the 
professional turner. For further information than we can 
now give respecting them the reader must refer to the 
various treatises specially devoted to the subject, to one ot 
which' we are indebted for Figs. 139, 
165, and several of the succeeding engrav- 
ings in the present chapter. 

The Eccentric Chuck (Fig, 164) en- 
ables any portion of an article to be 
turned up eccentrically to its main axis, 
which — except by re-chucking it— cannot 
be done with any of the foregoing ap- 
paratus. Thus, supposing Fig. 163 to represent the outline 
of a piece of wood, chucked and turned up ; in the natural 
course of things it revolves round its centre, a, and, without 
being chucked afresh, its axis cannot be brought into any 
other position. But with the aid of the eccentric chuck 
any other point, b, or c, can be made the axis of revo- 
lution ; or an entire series of such points, 
E, b', or c, c', c", all equidistant from k, can 
iti turn be brought into the line of the 
mandril. 

This result is obtained in the following 



Between the ordinary cup-chuck which 
carries the work and the mandril, the 
eccentric chuck is introducted ; consisting, 
firstly, of two thick plates of brass (b, c) 
SO connected together as to form a sude chuck. 

(oB the principle described above) ; 
secondly, of a circular plate (/) pivoted to the slide at its 
centre. Supposing the eccentric chuck to be screwed 
upon the mandril by means of the boss (a) at the back of 
the slide, and the cup-chuck with the work contained in it 
to be secured to the plate (/) by means of its screw (of which 

' On Lathi! and Turning, Northcott. Longmans ; 1868. 
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the thread corresponds with that of the mandril), the required 
eccentricity can be given by turning the head of the driving- 
screw {«), which produces the effect shown by the dotted 
hnes. The exact distance between the old and the new 
axis of the work can be read off by main graduations on the 
slide itself and subdivisions on its screw-head. To enable 
equidistant points, such as c, c', c", to be brought in turn 
into the line of the mandril's axis, the plate (/) is provided with 
a series of notches round its edge in which a detent (d) 
catches, the plate being able to revolve only when the detent 
is lifted. As it is desirable to have the means of consider- 
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ably varying the number of points in such a series, the lotal 
number of notches in the edge of plate should be one that 
is divisible by as many factors as possible, 96 being generally 
adopted. This can be divided without remainder by 2, 3, 
4, 6, 8, la, 16, 24, 32, and 48. The fact that 100 is divisible 
only by 2, 4, 5, 10, 20, 25, and 50 is an instance of the 
inferiority of a decimal system over which advocates of such 
a system would do well fo ponder 

By using an eccentric chuck in conjunction with a slide- 
rest, and causing the tool to trace a circle round each one of 
any series of such points in succession, an elaborate and 
occasionally pretty species of ornament can be applied to the 
lid of a snuff-box or other piece of face-work. It is in this 
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so-catled ' ornamental turning ' that the eccentric chuck 
finds its chief application. Two specimens of patterns thus 
produced are given in Fig 165. 

The Oi<at-Chuck has been usually described as the in- 
vention of Abraham Sharp, an ingenious English mathema- 
tician of the last century ; but it should apparently be called 
a gradual development rather than an invention, as several 
forms of it, in some of which the modern principle is distinctly 
recognisable, are given in Plumier's engravings. 

It almost requires to be seen to be understood, but a 
general notion of its appearance and action may be gained 
from Fig. 166. Its object is to im- 
part such a motion to the work that 
a tool held stationary in contact 
with it shall at each revolution of 
the mandril describe an ellipse in- 
stead of a circle. The right-hand 
portion of the figure will be seen 
to bear much resemblance to the 
eccentric- chock just described. A 
plate (^) has upon it a similar boss 
(scarcely seen in the figure), by 
which it is attached to the mandril; 
and a similar sliding- plate (r) has a 
screw for carrying an ordinary chuck 

containing the work, at the base of Fio. i66.-Ovai Chgck. 
it being a wormwheel and tangent 
screw, which serve the same purpose as the teeth and de- 
tent of the eccentric-chuck. In passing, we may mention 
that these last are better omitted when the chuck is to 
be used for plain oval turning only, the screw being then 
part and parcel of the slide (<:), so that one source of 
possible unsteadiness is avoided 

Instead of the sliding-plate (c) being adjusted by the slow 
motion of a saew, as in the eccentric- chuck, it is made to 
work in its groove with perfect freedom, carrying with it 
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however two guides {a a), which are firmly fixed to it, and 
which pass through slots in the plate {*). Entirely detached 
from the above plate, slide, &c., is a ring, of which the out- 
side diameter exactly fits the space between the guides (a a). 
Ry means of the arms and milled-headed screws on the 
left of the figure, this ring can be firmly fixed to the head- 
stock of the lathe without in any way interfering with the 
rotation of the mandril, the screw of which passes through 
the ring. As long, therefore, as this fixed ring is concentric 
with the mandril, the oval-chuck in no way influences the 
motion of any piece of work which may be attached to it, 
its guides (a a) merely sliding round the ring without being 
drawn out of their natural course. But when this ring is 
moved sideways by loosening one of the pointed screws and 
tightening the other, so that its centre no longer coincides 
with that of the mandril, it no longer allows the guides {a a), 
nor the slide (c) which is in connection with them, to follow 
a circular path. At two points, indeed, during each revo- 
lution of the mandril (when a line joinmg the centres of the 
guides is vertical, the arms and screws being horizontal when 
the ring is in position), the slide (c) is concentric with it ; 
but after these points have been passed, the guides alter- 
nately draw the slide more and more from its natural course, 
till it has an amount of eccentricity equal to that at which 
the ring has been set. This occurs twice in each revolution ; 
and since the effects of these two disturbances are in oppo- 
site directions, the major axis of the ellipse thus described 
exceeds its minor axis by twice the amount of eccentricity 
given to the ring. By means of graduations on any con- 
venient part of its arms, the amount can be read off". It 
must of course be equal to half the difference between the 
major and minor axis of the ellipse. Thus, for cutting an 
ellipse measuring 7^ x 6 inches, the ring must have an 
eccentricity of ^ of an inch. In using it with hand-tools 
and an ordinary T-rest, considerable care is necessary to 
keep the edge of the tool at one constant height above the 
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lathe-bed. Any change in the height of the tool causes a 
corresponding change in the direction of the ellipse, accom- 
panied by the destruction of the work, in the manner shown 
to an exaggerated extent in Fig. 167. 

By making use of the worm-wheel adjustment which 
appears in Fig. 166, face-work ornament can be produced 
consisting of a series of intersecting ellipses 
either concentric, or (by combining the ec- 
centric-chuck with the oval-chuck) eccen- 
tric But such complications as the latter 
are not to be recommended, as under any 
circumstances oval- chucks have much 
tendency to vibrate. 

The slide-rests and the tools used with 
them for these ' ornamental ' purposes differ greatly from 
those represented in the previous figures (Figs, 156 and 
158). The tools — some of which are shown of their full 
size in Fig. 168— are sufficient for the very light cuts which 
alone are demanded of them, but for 
ordinary turning they would be nearly 
useless. In the slide-rest also strength 
and durability are apt to be sacrificed 
to lightness and outward appearance, 
and simplicity to variety in the adjust- 
ments of which it is capable Means 
for regulating ihe height of the tool- 
holder are provided, and a third slide is 
interposed between the lower slide and 
the upper one. Occasionally, too, even 
a fourth slide and other superfluities are 
introduced — as in the 'spherical slide- 
rest,' represented in Fig. 169 — by which wonderful things 
may doubtless be effected. But with each fresh complication 
an additional chance of unsteadiness in the tool is intro- 
duced, which can only be avoided by increased care in 
the manufacture and use of the apparatus ; so that, except 
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for the puqjose of producing elaborate patterns (which 
are often of doubtful beauty), a slide-rest which is so con- 
stnicted as to hold the tool as rigidly as possible is much 
to be preferred to one of great comple\ity. 

In the ornamenting of face-work with incised patterns 



some advantage is gained by transferring the requisite move- 
ment from the work to the tool, the process then being more 
nearly allied to drilling than to turning. The lathe-head 
and mandril then become useless, except for affording a 
firm and readily adjustable support for the work in hand, 
the graduations of the mandril pulley (on its divided plate. 
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already mentioned) being used to enable each of a series o* 
points to be brought in turn into a line with the axis of the 
revolving cutter. Easily divisible numbers, such as 96, 144, 
or 360, are chosen for the different 'scales' on the divided 
plate, for the same reason as for the teeth of the eccentric 

Lathes intended for this kind of work are provided with 
some kind of ' overhead motion,' for enabling the rotation 
of the fly-wheel to be communicated to the tool supported 
by the slide-rest This is generally done by one or other of 
the following arrangements. Either a light shaft is placed 
parallel to the axis of the mandril at some three feet above 
it, and this is driven directly from the fly-wheel without 



being in any way connected with the mandril ; a second 
short band being then passed over a pulley on this shaft, 
and round the revolving cutter- holder. Or a long single 
band is used, which runs first round the fly-wheel, thence 
over two loose sheaves supported by a balanced bar above 
the head of the operator, and which, finally descends, as 
before, to the revolving holder in which the cutter is fixed. 
Fig. 170 represents 3. Ret>oh>ing Cutter- Holder, which can be 
used in this way for either plain or slot drilling, for cutting 
grooves, key beds, &c., and for a variety of ornamental pur- 
poses. It consists of a square shank, of a convenient length 
for being held in the tool-holder of the slide-rest, within 
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which is a steel spindle, having at one end a grooved pulley, 
and at the other end a screw, and also a central hole for the 
attachment of the drills or cutters. These having various 
forms of cutting edge (examples of which are given in 
Fig. 171), produce by their revolutions 
a great variety of beaded and other 
patterns. Or, by substituting for these 
round or flat-sided drills, and giving 
them a horizontal motion by means 
of the slide rest, grooves of correspond- 
Rn-oiving Cuiwra for Or- ing sections can be cut either parallel 
namcnia uminj. ^^ transversely to the axis of the work. 
Extending the system of imparting the motion to the tool 
instead of to the work, a slight addition to the revolving- 
holder just described enables us to dispense altt^ether with 
the eccentric chuck for engraving such patterns as those 




given in Fig. 165. For this purpose the cutter, instead of 

being attached concentrically to the spindle, is fixed in a 
holder which can be made to travel along a cross-slide ; as 
shown in Fig. 172. The holder can be adjusted by means 

D,g,r,z»-i b, Google 



v.] ' Geometric' and' Rose' Ornament. 175 

of a mil led -headed screw and can be firmly clamped at any 
part of the slide, graduations on the head of the screw 
enabling it to be accurately set, so as to describe any circle 
whose radius does not exceed the length of the slide. Series 
of intersecting circles can then be traced on the face of the 
work as before described, their positions being arranged 
with the assistance of the divided plate of the mandril 
instead of the eccentric chuck. 

By an ingenious but slightly complicated arrangement of 
cutter-holder, the oval chuck also may be dispensed with 



iii similar cases, the cutter being made to travel in an 
elliptical path which may vary to any required extent, from 
a circle on the one hand to a straight line on the other. 
Other and yet more elaborate forms of apparatus, and also 
the combination of some of the above with one another and 
with the motion of the mandril, result in the production of 
face-work patterns, &c., of great complexity and occasional 
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beauty. In Fig. 173 is an example of such patterns, which 
will serve to show the capability of the geometric chuck; 
a most ingenious contrivance, by which an endless variety of 
curves can be obtained. A drawing and description of 
this chuck, together with various other devices engraved 
by it, may be found in Mr. Northcott's work, already re- 
ferred to, where the reader will also find an account of 
an excellent substitute for the 
Rose Engine, by which such 
patterns as Fig 174 are pro- 
duced. The cases of watches, 
to which, on account of their 
curvature, the ordinary eccen- 
tric patterns are inapplicable, 
are generally ornamented in 
this way, the waviness being 
formerly produced by attach- 
Fi(i. i7+.-Rose Engine paitera. '"^ ^'^ ^^^ mandril a circular 
plate with the requisTte number 
of notches round its edge. Against this a smal.1 roller was 
made to bear, which, entering each of the notches in turn, 
caused a slight corresponding lateral motion on the part of 
the mandril, the headstock being so arranged as to admit of 
it. Thus the work was made to vibrate or 'chatter,' so that 
a fixed tool produced upon it a pattern with the same 
number of waves as the plate or 'rosette.' In the 'rose- 
cutting instrument ' referred to, the cutter is made to vibrate, 
the work being stationary ; an arrangement which has 
obvious advantages. 
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CHAPTER VI. 

ON POWER-LATHES. 



Thi; transition from foot-lathes to power-lathes might seem 
as if It ought to be accompanied by a diminution in the 
number of their working parts, although of course they 
must be of greater strength and weight. A glance at the 
engravings in the present chapter, however, will soon dispel any 
such idea — the cause of their apparent complication being, 
broadly speaking, twofold. In the first place, most of the 
work which is performed with them requires a very slow 
speed ; and for the transmission of this the leather belts by 
which the power is, as it were, laid on from the engine, or 
other prime mover, are not well adapted. Consequently, 
their comparatively high velocity must be much reduced 
before it is communicated to the work ; and although this is 
in almost all cases jmrtially effected by means of a 'counter 
shaft,' arrangements for still further exchanging speed for 
power are affixed to the headstock of every power-lathe. 

Secondly, still greater complications are rendered neces- 
sary by the universally prevalent practice of making power- 
lathes ' self-acting'— that is to say, providing them with 
some mechanical means of giving the proper feeding motion 
to the tool This may be effected through the agency 
of the slide-rest in several different ways, one of the most 
frequent being that adopted in screw-cutting lathes of 
connecting it with a long and accurately pitched screw 
{the ' guide ' or ' leading screw '), of which the axis is parallel 
to the lathe-bed. For this purpose the driving speed must 
be still further reduced, and the proportion which the revo- 
lutions of the leading screw bear to that of the mandril must 
be definite and capable of adjustment ; conditions which 
are most easily and certainly fulfilled by connecting them 
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together by a train of 'change wheels." These, especially 
when a lathe Is also provided with the 'self-acting rack- 
traversing motion,' hereafter described, give at first sight an 
appearance of great complexity. But this is soon dispelled 
when each set of parts is examined independently of those 
which, although very near neighbours, are in no way related 
to it Each, however, of the above self-acting arrangements 
requires corresponding additions to be made to the slide- 
rest, which consequently assumes proportions very different 
from those of its foot- lathe representative shown in 
Fig. 156. Butitwill be better to defer the detailed considera- 
tion of the various parts of a self-acting slide-rest till the 
description of one or two of the lathes themselves have 
rendered evident the necessity for these modifications in its 
construction. 

Fig. 1 75 shows an 8-inch Screw -cutting Gap Ijithe, which 
will serve to explain the double-geared headstock by which 
the requisite slowness of motion is given to the mandril, and 
also to show the position, &c., of the leading screw, and the 
change wheels by which such lathes are rendered self-acting. 
With the difference between a plain and a 'gap ' lathe we 
will not trouble ourselves at present. First, then, as to the 
Double-geared Headstock, of which a plan is given in Fig. 177, 
the lower part of the drawing being in section so as to show 
the form of the mandril, which bears but little resemblance 
to that of the foot-lathe given in Fig. 118. Both its bearings 
in the headstock are conical, the front or right-hand cone 
being formed on the mandril itself, the hinder or left-hand 
one being a loose conical bush carefully fitted to it This, 
among other advantages, enables an accurate fit to be main- 
tained between the mandril and the headstock, without 
having recourse to plummer-blocks, which would be neces- 
sary if the bearings were cylindrical. On the mandril — of 
which the whole of the central part is of uniform diameter 
— is a loose conical pulley, to the small (hinder) end of 
which a pinion is attached. These are in no way connected 
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with Ihe mandril, but revolve freely upon it Fig. 176 will 
explain the arrangement, f and g being the conical pulley 
and pinion, inseparable from each other, but not connected 
with the mandril. In front of the large end of f is the 
spur-wheel L, which is connected with the mandril, and 
always revolves with it ; and gearing into this is a pinion k, 
keyed upon a short shaft parallel to the mandril. Fixed 
upon this shaft there is also a spur-wheel h, gearing into the 
pinion g. The effect of driving the pulley f at a quick 
speed by means of a leather belt {of which a portion appears 



in the diagram) is thus to make H revolve less rapidly ; the 
pinion k, which runs at the same speed as H, still further 
reducing it in its transference to the mandril through the 
spur wheel l. To enable the mandril to be driven at a 
quick speed when required, a bolt can be screwed through 
L into the face of the pulley f, thereby connecting it with l, 
and through l with the mandril, h and K must then be 
thrown out of gear, which can be done either by sliding the 
shaft which carries them in the direction of its length, or by 
the somewhat neater expedient of supporting it in eccentric 
bearings instead of directly in the headstock itself. The 
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headstock represented in Fig. 177 is fitted with this arrange- 
ment, the portions of the framing which would naturally 
conceal the discs (b and b') being removed ; as also are 
parts of the pulleys, &c,, for the purpose of showing the 
mandril, as already explained. One of these discs (b) is 
likewise shown in section, so as to exhibit the position of 



the shaft c, when the toothed wheels which it carries are in 
gear with those on the mandril. When the wheels are out 
of gear, the shaft occupies the position indicated by the 
dotted lines in the sketch (Fig. 178), in which c represents 
the end of the shaft under the former condition, and b the 
disc in which it is supported eccentrically, of which the 
' throw ' need only exceed the depth of 
the teeth of the wheels by a sufficient 
amount to insure their clearance. It 
will be observed that this system, which 
is now very largely used, not only for 
lathes, but also for drilling machines, &c, 
admits of the headstocks being some- 
what shorter than is required for the ''"^" ''^ 
sliding arrangement alluded to above. 

In a plain 'screw cutting' lathe— and it was for the 
purpose of originating screws that Mr, Henry Maudslay, 
at the commencement of the present century, devised the 
self-acting lathe — a shaft with an accurate Leading Sirrew cut 
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upon it is supported (in bearings at its ends only) in some 
convenient position truly parallel to the axis of the mandril. 
In Fig. 175 it is placed in front of the lathe-bed. In 
Fig. 182 it is between the cheeks of the bed, and therefore 
cannot be seen. In either case the connection between 
the slide-rest and the leading screw can be made or broken 
at pleasure, and any requisite proportion between its speed 
and that of the mandril can be obtained by properly combin- 
ing the Change Wheels ; a set of which (consisting of about 
i\ or 2 dozen) is provided with every lathe of this kind. 

The arrangement can be clearly seen in Fig. 175, One 
of the wheels is attached to the end of the leading screw, 
and the mandril, which is prolonged for that purpose beyond 




the left-hand bearing of the headstock, carries a piniori. 
Two horizontal pillars with a cross-piece between them give 
the requisite support to the projecting end of the mandril, 
and assist its front bearing in taking end thrust One or 
more change wheels mounted on an adjustable Radial Arm 
or Tangent J'/a/e then complete the train connecting the 
mandril with the leading screw. The exact pitch of the 
leading screw being known (it has generally from i to 4 
threads to the inch), a simple calculation shows what 
number of threads to the inch will result from using any 
given combination of wheels. For ordinary pitches, how- 
ever, a table ' is provided with each lathe, which shows at a 
glance the wheels which will give the proper result But the 
' See Appendix. Table VIII. 
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correctness of the table, or the increase or diminution of 
speed — and by consequence the theoretical loss or gain of 
power — due to any other train of wheels {as, for example, 
the wheels of the double-geared headstock just described) is 
so easily calculated, involving only a knowledge of simple 
arithmetic, that all who study or use such lathes should be 
familiar with the process, which the examples in the diagrams 
(Figs. 179, 180, and 181) will render clear. 

Of these the first and second arrangementsare for cutting 
ordinary or ' right-handed ' screws, as is evident from the 
direction in which the leading screw is driven being the same 
as that of the mandril. In the third (Fig. 181) the wheels 
a.re so arranged as to cut a ' left-handed ' thread. The number 
of threads cut per inch, if there are three to the inch in the 
leading screw, will be respectively : — 



30. So' 



9 threads per inch. (See Diagram. Fig, 179.) 
"^24 ,, ( ,, ,, Fig. 180.) 
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S°-65-3S^3i I ,, Fig. 181.) 

Running along the front of the lathe bed above the lead- 
ing screw, in Fig 175, a rack may be observed. Its object 
is to enable the slide-rest to be moved along the lathe bed 
(or ' traversed ') by hand when it is not required for screw- 
cutting, and also in screw cutting to enable the rest to be 
run back quickly before commencing a fresh cut A pinion 
(not seen in the figure) gears into this rack. In some cases 
the screw itself is made to serve for a rack, a worm-wheel 
being substituted for a pinion ; but as so much depends upon 
the accuracy of the leading screw, all unnecessary wear and 
risk of injury to it should be avoided. 

The construction of the loose headstock which carries 
the Back Centre will be intelligible from the section of the 
foot-lathe poppet head given in Chapter V. (Fig. 1 18). 

Fig. 182 shows a larger lathe of somewhat different con- 
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stniction from the preceding one. The bed is of uniform 

depth throughout its length, and the leading screw, as has 
already been pointed out, is placed between the cheeks of the 
bed, so that it cannot be seen in the engraving. Where a 
duplex slide rest is used— an invention of Sir J. Whitworth's, 
by the adoption of which much time may be saved — this 
ceniral position of the leading screw has great advantages. 
The double tool-holders can be clearly seen in the figure ; 
:hetr action will be explained when we come to consider the 
self-acting slide-rest generally. 

In this, however, as well as in the lathe shown in Fig. 175, 
the slide-rest depends for its self-acting ^notions upon the 
leading screw only ; and when this is the case, its original 
accuracy (as previously stated) cannot long be maintained. 
This is to some extent due to the greatly increased strains 
to which it is subjected when used for turning heavy work 
instead of for cutting the threads of screws only. But, even if 
every possible care be taken in this respect, a still more fertile 
source of error remains, from the fact that the bulk of the 
work in almost every lathe is performed within a short dis- 
tance of the mandril, so that this part of the screw becomes 
much more rapidly worn and deteriorated than the re- 
mainder. This has led to the introduction of self-acting 
apparatus for giving motion to the slide-rest by means of 
the longitudinal rack, to which, in its application to hand- 
traversing, attention has already been directed. The gearing 
required for this purpose gives an additional appearance of 
complication to lathes which are provided with it, which are 
known as Self-ariing, Surfacing, and Rack-traversing \&'i^^?,\ 
the tools attached to their slide-rests being capable of being 
driven with a slow 'traversing ' motion parallel to the lathe- 
bed, at right angles to it for 'surfacing,' or diagonally, by an 
ingenious combination of the two, for ' taper' turning. For 
these purposes a longitudinal Back-shaft is placed behind the 
bed, being supported (at its ends only) in the same manner 
and in much the same position at the back, as that in which 
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the leading screw shown in Fig. 175 is supported in front 
But this shaft, instead of having a screw-thread cut directly 
upon it, carries a short worm, which, whilst it can slide freely 
in the direction of its length, is compelled always to revolve 
with it, the shaft being provided with a longitudinal groove, 
and the worm, with a feather, for this purpose. In this way 
any part of the back-shaft can be made to serve as a worm or 
tangent-screw to a worm-wheel which is carried by the sljde- 
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rest, whilst at the same time the rest can be made to tra- 
verse by hand, for which special arrangements would be 
re<iuirKd if the screw were continuous. 

The manner in which the various motions are communi- 
cated through the worm-wheel to the turning-tool will be 
fully explained when we deal with the shde-rest ; at present, 
we will confine ourselves to describing the ordinary method 
of driving the back-shaft, and of varying its speed, the 
arrangements for which are so clearly shown in the accom- 
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panying engraving that our task will be a comparatively 
easy one. This (Fig. 183) represents a back view of the 
headstock end of a rack -traversing and surfacing lathe, and 
in it the back shaft worm and worm-wheel just mentioned 
can be plainly seen. It is also evident that the slide-rest 
which carries the worm-wheel, toothed wheel, and pinion, 
cannot be moved along the bed without taking the worm 
upon the back-shaft with it This, therefore, bridges over 
the main difficulty in transferring a portion of the power 
from the mandril to the tool— namely, that arising from the 
variable position of the slide-rest. 

Tracing the course of the motion from the worm and shaft 
towards the mandril— although it is of course not trans- 
mitted in this direction, but in the opposite one — we observe 
in the first place a spur-wheel made fast upon the extremity 
of the back shaft. Into this gears one or other of a pair 
of smaller spur-wheels, according to the direction in which 
the back-shafl has to be driven. These wheels are supported, 
not directly upon the end standard, but upon a rocfeing- frame, 
which can be moved backwards and forwards through a 
short distance by means of a bar terminating in a handle at 
the front of the lathe. Upon the position of this frame, as 
we have said, the direction of the rotation of the back-shaft 
depends. For the two wheels which it carries are constantly 
in gear with one another, one of them being also constantly 
in gear with a pinion attached to the conical pulley which 
appears below these toothed wheels in the engraving. When 
therefore the frame is in one position, the wheel which is 
always in gear with the pinion is brought also into gear with 
the backsha ft -wheel, the second wheel running idle, but 
when the position is reversed this second wheel is brought 
into the train, and the movement of the shaft is consequently 
reversed. 

From the upper conical pulley to the lower one a belt 
transmits the motion, the three 'steps' in each affording 
the means of driving the back-shaft at three different rates 
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of speed, whilst a spur-wheel carried by the radial arm < 
establishes the connection between the upper pulley and the ' 
mandril ; the pinion on the overhanging end of the latter, | 
by which it will be remembered that the requisite motion 
is obtained from it for driving the leading screw in screw- 
cutting, serving the like purpose, when not so required, in 
the case of the traversing and surfacing gear. 

With reference to the use of the 'gap,' already men- 
tioned, it will be remembered that the chief limit to the capa- 
city of a foot lathe was stated to be the height of the ' centre ' 
(of the mandril) above the bed A gap is an expedient for 
extending this limit, and thus enabling a lathe to take in 
articles of much greater diameter (if of moderate length) 
without materially increasing its weight or general dimensions 
For this purpose the bed is cast with a gap just in front of 
the end of the mandril, where a corresponding bend may be 
observed on its under side in Fig. 175. When the gap is 
not required, a loose piece, fitting closely into the opening 
in the cheeks, gives the lathe an ordinary flush bed. In the I 
figure referred to this piece is shown in position, and its fit is [ 
so accurate that the gap can hardly be recognised. Although 1 
a gap is undoubtedly useful, it is not altogether an unmixed ] 
advantage, inasmuch as it offers continual temptation to ' 
the workman to overtask the power of the working parts of 
a lathe, by enabling him to use it for heavier work than is 
advisable. The bed itself can of course be strengthened 
to any required extent by properly disposing an increased 
weight of metal, and in large gap-lathes the projection below 
the bed not unfrequently extends quite down to the floor of ' 
the shop. 

But when the treatment of work of lai^e diameter is the 
regular and not the exceptional duty of a lathe, the increase 
in size should not be confined merely to the distance between . 
the mandril and the bed, but should be extended to all its ] 
working pans. As moreover it may often be necessary to | 
turn up articles of which the length as well as the diameter 
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is considerable, it is desirable to have the means of extend- 
ing the limit which is set by the width of the opening in 
the bed of a gap lathe. These requirements are fulfilled by 
what is known as a Sliding Break Lathe, of which an 
example is give in Fig 184. In this the bed consists of 
two separate parts — a bed-plate, which is of the full length 
of the machine, and of which the flat upper surface is kept 
at a sufficient depth below the mandril to enable the largest 
piece of work which the lathe can contain to run clear of it ; 
and an adjustable upper part, or bed proper, which carries 
the slide-rest and moving headstock upon its surface after 
the manner of an ordinary lathe bed, but of which the length 
is comparatively small. The width of the base-plate shown 
in our engraving is greatly increased in the neighbourhood 
of the fast headstock, to enable the slide-rest, when mounted 
on a separate stand, to be used at a greater distance from 
the axis of the mandril than is possible when it is supported 
by the sliding bed — but in some break lathes this arrange- 
ment is dispensed with. The width of the ' break ' or ' gap ' 
can be adjusted to suit the length of the work by moving the 
sliding bed bodily along the surface of the bed-plate ; the 
back centre remaining always truly in a line with the axis 
of mandril. This traversing motion of course puts fresh 
difficulties in the way of rendering the slide-rest self-acting 
These, however, have been overcome by various expedients, 
consideration of the details of which would not be profitable 
in such a work as the present, so that we can only recom- 
mend the reader who is interested in them to examine the 
machines themselves when he has the opportunity. 

The increased number of toothed wheels at the back of 
the headstock— which certainly at first sight gives a somewhat 
complicated appearance to the lathe, Fig. 184 — is due in 
part to the length of the train by which the necessary re- 
duction of speed for the feed motion is obtained, and partly 
to the fact of the headstock itself being ' treble geared,' the 
face-plate beii^ driven, when the work is of large diameter, 
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by a pinion gearing with the annular wheel at its back instead 
of by the mandril. These lathes are occasionally of very 
large size, the dimensions which determine their powers 
being, first, the height of the headstocks ; secondly, the 
length of the bed ; and thirdly, the diameter and length of 
the work which can be taken by the gap or break. In the 
figure the height of the headstocks (above the upper bed) is 
21 inches, but this lathe is by no means a large specimen of 
its class ; others ranging as high as 48 inches in the height 
of the headstocks, with 20-foot beds and breaks capable 
of receiving work 14 feet diameter and 3 feet 6 inches wide. 
When, however, articles which have to be turned are of 
such large size as regards their diameters, they are, more 
often than not, of but small width, in which case they can 
almost always be securely fixed without the assistance of the 
back centre. For these, therefore, the sliding bed may be 
entirely dispensed with, and the lathe may be greatly sim- 
plified and reduced in length. A small lathe of this kind — 
which is known as a Fact Lathe, or Surfacing Lathe, from its 
principal duty being that of ' surfacing,' rather than 'tra- 
versing' — is represented in the accompanying engraving 
{Fig, 185). The slide-rest, which is of a very simple form, is 
provided with a base of sufficient height to bring the tool to 
a level with the axis of the mandril. It is made self-acting (in 
this case in the direction for ' surfacing ' only) by establish- 
ing overhead communication between the hinder end of the 
mandril and the cross-slide of the rest ; a light chain being 
passed from the weighted arm at the front of the rest, over 
two sheaves, one of which is fixed above the slide-rest, and 
the other above the horizontal arm at the hinder end of the 
headstock. This arm receives an oscillating motion from a 
cam attached to the overhanging end of the mandril, 
which it thus imparts to the weighted arm of the slide- 
rest ; from which it is transferred, through the pawl and 
ratchet-wheel at the end of the horizontal screw, to the tool 
contained in the tool-holder. The feed thus obtained is of 
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course intermittent, but it can be varied considerably by 
altering the points of attachment between the extremities of 
the chain and the arms, which are slotted for this purpose. 

When intended for surfacing work of very large diameter, 
it is advantageous for the speed of lathes of this kind to be 
duly proportioned to the distance from the axis at which the 
tool may be working, and they are sometimes provided with 
self-acting apparatus by which this proportion is maintained. 
If the speed be not varied, it is obvious that the duty per- 



formed by both the lathe and the tool is much more severe 
when the cut is being taken from the outer extremity of the 
work, than when the central portions are being operated 
upon. So that in face lathes of any considerable size, treble- 
gearing, or the means of driving the face-plale by a large 
toothed wheel attached to its back, such as that seen in the 
break lathe (Fig. 184), becomes an absolute necessity. The 
above-mentioned capabilities of break lathes indeed sink into 
insignificance, when compared with those which face lathes 
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occasionally possess. Machines of this kind with 14-foot 
face-plates, capable of turning articles up to 20 feet in 
diameter, may be obtained from any manufacturer of en- 
gineers' tools, and in bygone years the present writer was 
lamiliar with a face lathe capable of talcing in work up to 
a diameter of 40 feet But this was intended for a special 
purpose — that of operating upon railway turn-tables (which^ 
however, it has since become customary to turn when 
in a horizontal instead of in a vertical position) — and for 
special purposes we have at present arrived at no limits in 
respect of size which would be recognised by our machine 
makers as fixed and impassable. 

The point to which the growth of power-lathes has now 
attained is well Dlustrated by the following particulars of two 
which have been quite recently designed and made in the 
Royal Gun Factories at Woolwich, Each of these is in- 
tended to take in a piece of work having a maximum 
diameter of 12 feet and a total length of 36 feet, their main 
dimensions and approximate weight being : — 

Height of centre of mandril abjve the bed . 6 feet 

Total leDglh of bed 60 feet 

Ler^tb of fixed headstock 

Diameter of froni beaiiag of mandril 

Length of ,, „ 

Length of leading screw, over all 

Diameter of „ . . 

Weight of iiied headstock 
„ moveable headstock 
„ slide-rest and saddle 

Total weight .... 

The general appearance of a self-acting slide-rest when 
in position on the bed of an ordinary screw -cutting, rack- 
traversing, and surfacing lathe is shown in Fig. 186. The 
front of the bed is provided with a leading screw and rack, 
and the back of it with the grooved shaft and worm seen in 
Fig. 183, to all of which attention has already been directed. 

First, with regard to the means of establishing the con- 
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. 18 inches 

. 36 inches 

. 51 feet 3 inches 

. about 55 toDs 

. abont 18 Ions 

. about 15I tons 

. nearly 300 Ions. 
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nection between the rest and the leading screw— connection 
which must of course be capable of being made and broken 
at pleasure. This was formerly done by clasping the screw 
between the two halves of a horizontally divided nut, which 
was attached to the slide-rest, and of which the upper and 
lower portions could be brought together or separated by 
raising or depressing a lever handle in front of the rest 
The lever handle may be observed in the engraving, Fig. i86, 
projecting below the bed of the lathe towards the left-hand 
side of the rest ; but it now acts upon a divided nut of 
increased length, of which one half (the lower) is entirely 
omitted The mode in which it raises or depresses the 



Fig. tS«,- Self-acting Slide-Rest General Tiew. 

upper half will be intelligible from the side view, Fig. i88. 
Careful study of the different parts in the three figures, 
i86, 187, and 188, in conjunction with the back view 
(Fig. 183), will almost render verbal description unnecessary ; 
especially if the present slide-rest be compared with that 
which is shown upon the bed of the screw-cutting lathe 
(Fig. 175), of which the construction is more simple, inas- 
much as its movements, with the exception of that derived 
from the leading screw, are only producible by hand. In 
Fig. 188, then, it will be observed that the half nut (b) is 
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attached to a vertical slide (c), which is there shown partly 
in section, so as to exhibit the eccentric pin (d) by which it 



Fic. i87.-S«lf-actii'g Slid=-R«t. Plan of Saddle. 

is worked. When therefore the lever handle is in the posi- 
tion which it there occupies, the half nut is raised clear 



ig Slide-Rest, ^e E1«vt 



of the leading screw (a) ; when on the other hand it has 
been moved to that in which it appears in the perspective 
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view (Fig 1 86), where the lower part of the slide may be 
noticed projecting below the vertical portion of the ' saddle,' 
the screw and the nut are brought into contact 

But except for cutting screws, it is preferable — as we 
have before explained — to give this longitudinal or 'tra- 
versing ' motion, by means of the rack, instead ofby the lead- 
ing screw. In order to do this by hand, it is only necessary 
to turn the winch-handle on the extreme right of the rest 
(in Fig. i86), which fits into the socket of the spindle (e, in 
Figs. 187 and 188), and thus drives a pinion gearing into the 
spur-wheel, which appears in the first and last of these 
figures. At the back of this wheel is another pinion gearing 
into the rack. To make this traversing motion automatic, all, 
therefore, that is necessary is to drive the spur-wheel from the 
shaft at the back of the bed ; which is easily effected through 
the medium of the worm-wheel (g), and the shaft (h), which 
carries a pinion (j) gearing with the spur-wheeL Ready 
means must, however, be provided for disconnecting the 
pinion (j) from its shaft, and thereby arresting the motion 
of the slide-rest ; and the method of doing this— which 
obtained for Messrs. Shepherd & Hill a well-earned prize 
medal at the Great Exhibition of 1851 — is one of great 
simplicity and beauty. The pinion, which is bored so as to 
fit loosely upon the shaft (h), is deeply countersunk on 
both sides, and is placed loose against a conical shoulder 
fixed upon the shaft The conical face of this shoulder fits 
into the countersunk pinion on one side, and the face of a 
loose conical collar fits into it on the other. On drawii^ 
these two cones together, therefore, by means of a nut work- 
ing on the screwed end of the shaft (h), the pinion becomes 
firmly gripped, and is compelled to revolve with it ; whilst 
on slackening the nut (which appears in front of the rest in 
Fig. 186) it is instantly released. 

A precisely similar arrangement is adopted for throwing 
in or out of gear the pinion (l), by which this rest can be 
made self-acting for 'surfacing.' This pinion r 
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action from the spur-wheel (k), which is keyed upon the 
sliaft (h) just behind the wonn-wheet (g). When dipped 
between its cones, it drives the cross-slide screw (m) either 
backwards or forwards according to the position of the 
rocking-frame upon the end standard of the lathe, as, it may 
be remembered, was pointed out when we were describing, 
with the assistance of Fig. 183, the means by which the back 
shaft itself is driven. But, in the present case, the pinion is 
at the back of the lathe ; and since it would be highly in- 
convenient to have the nut there also, the cross-slide screw 
is made hollow, and a rod, attached to the hinder cone, is 
passed through it to a T-handle (n) in front. The nut at the 
end of the shaft (h) was till lately provided with a similar 
handle, but a hexagonal nut, which can be readily turned 
with a spanner, has been found to be more convenient. 

The arrangement for taper-turning, already alluded to, is 
as follows : Connection is established between the leading 
screw and the back shaft by 
a second train of change 
wheels placed at the right- 
hand end of the bed, in 
the manner shown in Fig. 
189. The traversing mo- 
tion being then taken from 
the leading screw, and the 
sur&cing motion simul- 
taneously from the back- Fig.iSj. -Gearing for Taper-tuminE. 

shaft, a diagonal resultant "^ 

is obtained, the proportion between the two motions (or, in 
other words, the amount of taper) resulting from any com- 
bination of wheels being readily calculated in the manner 
explained above. 

In turning up a long shaft or any similar piece of work of 
which the diameter is insufficient to give the necessary 
rigidity, a back-stay, such as Fig. 190, is frequently attached 
to the saddle, so that it accompanies the slide-rest in its 



198 Workshop Appliances. (Chap. 

traverse, and is always favourably placed for giving the 
requisite support The T grooves marked s in Fig. 187 are 
for the purpose of enabling this to be bolted down to the 
saddle. 

In the Duplex lathe of which we have given an engraving 
on a former page (Fig. i8z), the principle of making the 
whole of the upper part of the slide- 
rest in duplicate is adopted. The two 
ends of the cross-slide screw then have 
their threads running in opposite direc- 
tions — one being right-handed and the 
other left-handed -so that the two 
tool-holders advance towards the axis 
' B^k-'i»yr *' of the work or retreat from it simul- 
taneously. It is of course necessary to 
reverse the position of the tool or tools at the back of the 
lathe ; in these, as in other slide-rests, two being frequently 
fixed in each tool-holder, of which one gives a roughing 
and the other a finishing cut The great saving of time 
and labour which has resulted from the introduction of the 
' Duplex ' sj'stem has led to its almost exclusive adoption 
at Sir J. Whitworth's works The fact of the strains upon the 
work being balanced when its two opposite sides are attacked 
equally, is undoubtedly much in its favour. 

Of the Chucks used with power-lathes one or two 
examples may have been noticed above in our engravings 
of the lathes themselves— such as t\it four-jaw Chuckon the 
mandril of the Face lathe (Fig 1 85). With the Break lathe 
(Fig. 184) a large-sized Face-plate is shown ; but this, unlike 
(he generality of chucks, is attached permanently, so that 
it may be considered to form part of the lathe itself The 
way in which it is driven by direct gearing has already been 
pointed out The strengthening ribs behind it, and the 
T-grooves in front (in lieu of slots piassing through the body 
of the plate, as in Fig. 127), should also be observed. 

Self-centering Chucks, similar in principle to those men- 



VI.] Backstay. — Chucks. 199 

tioned in Chapter V., are also employed with power-lathes. 
But for general usefulness in the secure attachment ot heavy 
articles which are to be carried by the mandril only, no 
chuck can compete with the face-plate. Where the form of 
the work precludes the possibility of bolting it directly to the 
face, it can often be held with Clamps, similar to those in 
Fig. 128, Or an Angh-chuck can be used, which consists 
of an L-shaped casting, planed and slotted, one face of 
which is bolted to the plate, and the other to the work. 

The Drivers and Carriers, represented in Figs. 125 and 
1 26 (Ch. v.), have also their counterparts amongst power- 
lathes, which are equally widely employed for work which 
can have the support of the back centre. Another form of 



Driver {Fig. 191) was invented many years ago by Mr. 
Clement of Lambeth, which possesses some advantages over 
the ordinary kind where the duties required of it are heavy. 
Its main difference consists in having two driving pins 
instead of one, and in having them fixed in an outer plate 
instead of in that which is attached to the mandril. This 
outer plate is capable of sliding laterally for a short distance, 
thus accommodating itself to any inequality in the width of 
the opposite ends of the carrier ; by which means each of 
the pins is made to transmit an equal share of the driving 
power. 

A few slide-rest tools for the lighter kinds of power- 
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lathe turning are given in Fig. 19a, a being the side view of 
a Hook tool, b a Left-hand tool, e a Parting tool, d an inside 
tool, e a Side Facing toot (or knife tool), and f a Right-hand 
tool. They are in general forged ftom steel bars about 
one inch square. Of these the hook tool is by far the most 
generally useful, the rough cuCs, in most cases, being taken 
Ivith it when the form of the work permits. In this respect 




Fta igi.— SEde-nu Tools for lixhl work in Ponr-Lathei. 

it corresponds to the gouge of the soft-wood turner. Portions 
upon which it cannot be brought to bear can, for the roost 
part, be attacked by one or other of the remaining tools 
in Fig. 192, or by some modification of them. The detail 
of the cutting end (Fig. 193) will render the hook-tool 
more intelligible to those who are unacquainted with it The 

Fio. i93.-Hook Tool Fit 194. -Wroughl-Iron Turning from Hoot Tool. 

cutting edges are similar on each side of the point, so that 
this tool can be used with equally good effect when advancing 
in either direction — in other words, the feed can be either 
right- or left-handed Some idea of the amount of material 
which it takes off can be gathered from the cutting of 
wrought-iron turning (Fig. r94), which is sketched to about 
the same scale as the tool. 

When a somewhat heavier cut can be taken — owing to 
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the greater size of the work, which is to be turned, and the 
incrrased strength of the lathe employed for it — the form of 
the hook tool is generally modified, so that it resembles one 
or the other of the two represented in Fig, 195. The 
Roughing Tool (which is tippermost in the engraving) can 
be used with the feed in one direction only ; but the increased 
width of edge, which is obtained by forming it on one side 
of the point instead of on both, enables it to take off a pro- 
portionately wider cutting. Where smoothness of surface is 
required this tool would be followed by a flat-nosed Finish- 
ing Tool, such as the lower one in Fig. 195. 

Examples of some of the very much more powerful tools 
which are used for turning articles of the largest class — such 
as screw-propeller shafts — are 
given in Fig. 196. The slow 
speed at which these have to 
be run, admits of, or rather 
necessitates, the employment of 
very heavy cuts. Commencing 
at the top, the four tools repre- 
sented are, a Roughing Tool, a ^"'- ''S^h.'ira™!^.^'"'' "^ 
Spring Finishing Tool, a Side 

Facing Tool, and a Farting Tool, the names clearly indi- 
cating their uses. The shanks of the originals, from which 
these were drawn, measured two inches on each side of the 
square. 

Sketches of characteristic cuttings from the two upper- 
most of these large tools are given in Figs. 197 and 198. 
They are full of interest to an attentive observer. 

In the first place the area of the cross section is an 
important factor in estimating the proportion of the total 
power supplied to the lathe which has been usefiilly ex- 
pended. The original from which Fig. 197 was drawn had 
an area of fully ^ of a square inch, and still larger quantities 
of material have sometimes to be taken off— amounting in 
some instances to as much as a square inch in section — 
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though in such cases it is generally preferable to remove it 
in three or four separate cuts, by using as many different 
tools simultaneously. 

indly. The form of the cross section naturally depends 




upon, and is an indication of, the shape of the cutting edge 
which produced it ; but the effect of rounding off the point of 
a topi is rather curious, the shaving then not sharing its 



curvature, but merely having one of its edges thinned down 
to a ' knife-edge,' however great the thickness of the opposite 
edge may be. In the sketch, Fig. 197, this characteristic is so 
marked that the section approaches very nearly to a triangle. 
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3rdly. The diameter and the closeness or openness of 
the spiral into which a cutting tends to curl itself, have each 
their tale to tell. The diameter is mainly dependent upon 
the depth of the cut and the inclination of the upper surface 
of the tool to the face of the work, which, in the case of 
heavy cuts, has an important influence upon the power ex- 
pended and the spiral is either close or open, according to 
the extent to which the cutting edge is inclined to the 
direction of its feed. Fig. 198 therefore nearly approaches 
to a close spiral, the edge of the spring tool having been 
almost parallel to the axis of the work, whilst Figs, 197 and 
194 have an open corkscrew-like twist, due to the angular 
direction of the edges of the tools which produced them. 

Several other suggestive points also might be mentioned. 



Fic. 199,— Smith's Cutler- Holder. Fic. loo.— l-ngye', Ci^ net- Holder. 

These, however, will suffice to show that the old saying 'a 
good workman may be known by his chips' has not been 
robbed of its force by the introduction of machine tools, and 
that as valuable an insight into their performance may be 
gained from an intelligent study of their 'chips' as was 
formerly obtainable in the case of the handicraftsman from 
those which fell from his workbench. And to those who 
desire to improve upon their performances, careful considera- 
tion of details such as these, which at first sight might be 
regarded as too trivial for notice, cannot be too strongly 
recommended. 

Two examples of tools with detached cutters designed 
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for use with power-lathes in lieu of ordinary hook-tools are 
given above. In Mr. Ford Smith's pattern (Fig. 199) the 
round steel bar which fbims the cutter is fiiced at an angle 
of 45° instead of in line with the shank, so that each tool is 
either right- or left-handed, and can be used for right- or for 
left-handed surfacing, as well as for traversing. With Mr. 
Tangye's arrangement (Fig. 200) the section of the steel is 
such that the body of the cutter can pass through any one of 
three slots in the holder, and the same tool thus becomes 
straight, right- or left-handed, according to which of the three 
slots it occupies. With both of these tools gauges or tem- 
plates are provided so as to insure the correct placing of the 
cutters ajid the maintenance of the proper angles in grinding 
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them. For this last holder many different forms of cutters- 
aremade, sothat itcanbeused, not onlyfor roughing, but also 
for smoothing, parting, screw- cutting, &c And a useful appli- 
cation of the principle to inside boring, screw- cutting, &c, 
by the same maker is shown in Fig. aoi. The economy 
both in steel and in labour which was pointed out as re- 
sulting from the use of the small tools with loose cutters 
figured in Chapter V., of course results to a much greater 
extent in the case of large tools. But for the fact that 
the diminution in the mass of the cutters increases their ten- 
dency to heat in working, they would probably have come 
into more general usa 
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CHAPTER VII, 

OK DRILLING AND BORl 

The chief qualifications essential to an ordinary drillii^ 
machine for miscellaneous work are as follows : First, it 
must be ciq)able of being readily connected with the shafting 
by which the driving power is transmitted to the various 
parts of a workshop, and in such a manner that the speed 
of the drill can be varied ; secondly, it must be provided 
with an efficient and variable 'feed motion ' ; and, thirdly, 
it must have a perfectly firm ' table ' for the reception of 
small articles, which must offer as little obstruction as 
possible to large ones. Stability and strength of framing 
are of course most important qualities for all machine tools, 
though they are not invariably to be found in the frames 
of drilling machines. 

Fig. aoi shows a Single-Geared Drilling Machine, of 
which the upper part is a good type of these machines in 
their simplest form, though the lower part has some pecu- 
liarities, which we will notice directly. The spindle which 
holds the drill is vertical, as it is in all machines of this 
type, though for many purposes a horizontal position for it 
would be advantageous. Bevil-wheels and a separate 
horizontal shaft thus become necessary to enable it to be 
driven by a belt from any main line of shafting, or from a 
countershaft^ these being invariably horizontal. The conical 
speed pulUy, which, by being driven — as in the case of a 
power- lathe— from a similar pulley with the cone reversed, 
enables considerable variation of speed to be obtained, is 
sometimes placed within the framin^^ so as to bring it much 
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closer to the bevil-wheels, part of the framing being then 
above it ; but this arrangement, though somewhat more 
compact in appearance, has the disadvantage of almost 
always requiring the machine to be erected vertically under 



the driving shaft, and parallel to it, to enable the belt to ran 
clear of the framing, 

This framing, and also that of the ' radial drilling 
machine,' which will be found a few pages farther on, should 
be noticed, being good examples of the excellent system of 
casting them hollow and in one piece, which was introduced 
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some years ago. To turn out these complicated castings 
without defects, aiid of uniform thickness, requires a large 
amount of skill in the moulder's 
difficult art. 

This machine is provided with 
a 'screw-feed,' worked by hand, of 
which the general arrangement 
appears with great distinctness in 
the engraving (Fig. zoz) ; the effect 
of turning the hand -wheel (h) 
being obviously to raise or lower 
the drill spindle. But the con- 
struction of the several parts — 
which is not quite so simple as 
might at first be supposed— will 
be rendered more intelligible by 
the section (Fig. 203), in which the 
letters refer to the same parts as in 
the preceding figure. The spindle 
(a), the lower end of which re- 
ceives the drill, slides freely through 
the elongated boss, or 'pipe,' of 
the horizontal bevil- wheel (b). 
Inside this boss a feather, fitting 
loosely into a groove (g) upon the 
spindle, compels it to revolve with 
the bevil-wheel without interfering 
with its independent vertical mo- 
tion. But this vertical or ' feed ' 
motion is controlled by the long 
screw (e), which is so connected 
with the upper end of the drill- 
spindle (a) as_ to be able to raise g.^;^ J Drin'spEndie. 
or lower it, either when at rest 

or when revolving, without itself sharing the revolution ; its 
tendency to do so being checked by a longitudinal groove 



208 Worksh&p Appliances. [Chap. 

and a feather (r) fixed within the framing. In order to 
raise the point of a drill fixed in the spindle {a), we have 
therefore merely to draw the screw (e) upwards by means of 
any convenient form of nut ; the most convenient in this 
case being a spur-wheel (d) with a female screw cut through 
its boss, which can then be worked by a pinion (p) and 
hand-wheel (h), within easy reach of the workman But 
besides raising and lowering the drill, it is necessary to be 
able to put considerable downward or ' feed ' pressure upon 
it. This can be done by merely continuing to turn the 
hand-wheel (to the right, the feeding screw being 'left- 
handed'), after the drill has been brought into contact with 
the work, the spur-wheel being prevented fi'om rising by a 
split-collar (c) which fits into a horizontal groove on the 
outside of its boss, and is bolted down to the framing. 

The advantages which, as we have seen, result from 
making power-lathes 'self-acting' are almost equally great 
when the same principle is applied lo drilling machines. 
With the screw-feeding arrangement above described, it is 
simply necessary to impart to the hand-wheel a continuous 
slow motion, derived from some neighbouring moving part, 
to cause the drill to cut with perfect uniformity, instead of 
at one moment making little or no progress, and at the next 
having its strength unduly taxed through the inconstant 
attention of a workman. In the Wall drill (F'\^ 204) the 
mode in which this is usually effected can be seea Running 
loose upon Che vertical shaft of the hand-wheel (h) is a 
worm-wheel (w), which is constantly being driven by an 
endless screw fixed upon a light horizontal shaft (s) ; this 
shaft being connected with the horizontal driving-shaft by 
a short belt passing over a pair of small speed-pulleys. 
Keyed upon the vertical shaft is a ratchet-wheel (r^ which 
can at any moment be made to revolve with the worm-wheel 
(w) by means of a pawl (p) carried by the latter on its upper 
surface. On releasing the pawl, therefore, the drill can be 
raised or lowered by turning the hand-wheel (h) ; and on 
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causing it to engage with the ratchet-wheel, the se!f-acting 
feed is brought into play, its amount being capable of being 
regulated by shifting the strap on the speed-pulleys. 

Several other kinds of self-acting feed have been de- 
vised. One, invented by Sir J. Whitworth, is an expedient 
of considerable elegance, which Fig. 205 will serve to ex- 
plain. Upon the upper part of the drill -spindle —which in 
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this case is in one piece throughout its length — a screw- 
thread of moderate coarseness is cut, the somewhat com- 
plicated joint between the screw and the spindle shownnn" 
Fig. 203 being thus rendered unnecessary. If a fixed nut 
were attached to the upper part of the framing, this screw 
would provide the drill with a self-acting feed ; but it would 
have to be always exactly equal to the pitch of the screw, 
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and could therefore never be altered. So, instead of letting 
it run through a fixed nut, it is made to pass between two 
worm-wheels, which, whenever the vertical motion of the 
spindle is arrested, themselves revolve in opposite directions. 
(One only of these worm-wheels can be seen in the engrav- 
ing.) Their revolution, however, can be either wholly or 
partially checked by turning a handle, which works a right- 
and left-handed screw, and so draws together two clips (c c). 
These clips embrace a pair of friction -wheels (ff), keyed 
upon the short shafts which carry the 
worm-wheels, one of the shafts also 
having upon it a hand-wheel, which is 
not shown in the figure. When the 
friction wheels are so tightly clipped 
that they cannot revolve at all, they 
have the same effect as a fixed nut, and 
the feed is equal to the pitch of the 
screw ; but for each diminution in the 
tightness of the clips the pressure upon 
the drill is reduced, and an incre^ed 
motion is given to the worm- and fric- 
tion-wheels. By loosening-the clips and 
yj^ turning a hand-wheel, the drill-spindle 

IIH (which is provided with a counterpoise 

my to keep it from falling by its own weight) 

Fic. IDS.— whiiwoMh-j can be quickly raised or lowered. 

Dnil-Fced. Another method of obtaining a con- 

tinuous feed motion, the invention of Mr. Bodmer, of Man- 
chester, should be mentioned on account of its ingenuity, 
though it has never come into genera! use, owing probably 
to the impossibility of varying the rate of feed. The working 
parts of it are represented in Fig. 206. The drill-spindle— 
like the previous one— has a long thread cut upon the upper 
part of it, and screws into the boss of a spur-wheel, which 
thus forms a nut, which can itself be made to revolve. If 
both the spindle and the nut are driven at the same rate, the 
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drill of course receives no feed motion. But by driving 
them in the direction indicated by the arrow, and giving 
them slightly different speeds, the spindle is slowly and con- 
tinuously unscrewed ; the amount of its descent (or feed) 
during each revolution depending upon the excess of its 
Speed over that of the nut. Thus if, during each turn of 
the spindle, the nut passes through only three-quarters of a 
revolution, the feed will be equal to a quarter of the pitch of 
the screw. 

Another kind of continuous feed, which is more exten- 
sively used for large drilling machines than any of the 
preceding ones, is on much the same 
principle as the rack-traversing motion 
in self-acting lathes. The drill-spindle 
is made in two parts, the lower, which 
carries the drill, being free to revolve 
independently of the upper, to which it 
is attached by a joint resembling that 
employed for connecting together the 
screw and the spindle in the scren-feed' 
machines. In the circular pillar drill- 
ing machine (Fig. 207), the gearing for 
this rack-feed, as it is called, can be 
clearly seen, the teeth of the rack ap- 
pearing on the right-hand side of the ''"^- g^ii-F^""" 
upper part of the drill -spindle. But in 
order to render this kind of feed self-acting, the driving 
speed must be reduced to a much greater extent than is 
necessary in the case of the screw-feed. This is effected by 
- introducing a second worm-wheel for communicating the 
motion to the pinion which gears into the rack, in addition 
to the lower one, which is placed above the hand-wheel. 
The latter receives its motion from the smaller pair of speed- 
pulleys, by which the rate of feed can be varied ; this portion 
of the arrangement exactly resembling that already shown 
in Fig. 104. 
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In addition to the feeding apparatus of drilling machines, 
much ingenuity has been expended in devising convenient 
forms of support for the work upon which they have to ope- 
rate. One method — and the simplest one — is to extend the 
foot of the frame of the machine to a considerable dis- 
tance, so as to make it form a flat base-plate. T-grooves 
for the reception of the heads of holding-down bolts being 
cast in this plate, and its surface being planed, it forms a 
very efficient support for articles of moderate size, of which 
the height does not exceed the distance between the point 
of the drill and the surface of the base-plate ; for when 
a fixed base-plate is immediately under the spindle in any 
drilling machine, it of course sets a rigid limit to the height 
of the work which can be admitted. An example of a base- 
plate will be found in the engraving of the radial drilling 
machine (Fig. 209). Being of lai^e size, it is cast in a 
separate piece from the framing; and, owing to the hori- 
zontal movement of the drill -spindle, the height of the work 
is not in this case hmited by it. 

Nor is this limit in point of height the only disadvant^e 
. of a fixed base-plate. Being kept as tow as possible for the 
reception of large articles, it becomes a very inconvenient 
supporter of small ones. For these a table, adjustable as 
to height, is much better adapted. In its simplest form, it 
consists of a rectangular plate, planed and provided with 
T -grooves, which can be raised or lowered by a rack and 
pinion— the latter driven by a worm and worm-wheel, or in 
any other convenient way. But in this case the work must be 
jKffectly correctly placed as to its horizontal position before 
it Is bolted down to the table ; and in drilling a series of 
holes, it must be set free, and be again adjusted for each one 
of the series. To obviate this, Sir J. Whitworth introduced 
his compound table — giving to the ordinary table a horizontal 
motion, on the print iple of the slide-rest, in one direction, 
and, in addition, hanging it at a point near the vertical portion 
of the framing, so as to enable it to be swung horizontally in 



VII.] Compound and Swing Tallies. 313 

the other. The hinge also made it possible to swing the 
table entirely out of the way when the work was of sufficient 
height to be supported on a base-plate. 

Various modifications of this are now in use, under the 
name of swing tables, the advantages of the arrangement for 
small work being universally recognised. For machines of 
comparatively small size, that shown in Fig. 202 leaves, 
perhaps, nothing to be desired. The table, which is cir- 
cular, and is free to revolve round its axis, is supported by 
an arm, which can itself revolve round the vertical pillar of 
the machine. By combining these two motions, every part of 
the table can be easily brought under the drill, so that any 
piece of work of moder^e size fixed upon it(for which pur|)ose 
it has a series of slots, like the face-plate of a lathe) need 
not be unfastened till all the vertical holes which have to be 
drilled in it have been completed. In this case no vertical 
adjustment is provided, the table being placed at a con- 
venient height for holding moderately small articles, and 
both table and arm being swung completely out of the way 
of, any large ones. There being no base-plate, there is no 
particular limit to the height of the work which can be 
operated upon, a pit being occasionally sunk at the foot of 
the machine for the reception of long pipes, &c. 

In larger machines— for the tables of which a vertical 
adjustment is important — the following arrangement is some- 
times used, and it is an expedient of considerable ingenuity : 
The pillar by which the table is carried is converted into a 
'circular rack,' by turning upon it a series of grooves. Into 
these grooves gears a pinion, just as it would gear into an 
ordinary rack — with this difference only, that whereas its 
teeth would engage with an ordinary rack only when the 
arm of the table in which it is fixed was on one side of the 
pillar, with the circular rack it can do so equally well on all 
sides. This enables the table to be raised or lowered, whilst 
at the same time it is slewed round to any required extent — 
providing it, in fact, with an efiicient vertical adjustment. 
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without in any way interfering with the horizontal ones just 
described. 

Another way of effecting this, which admits of a plain 
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pillar being substituted for the circular rack above men- 
tioned, is shown in the Circular Pillar Drilling Maehint 
{Fig. 207). The arm on which the table is supported em- 
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braces not only the pillar, but also an ordinary straight rack, 
which it carries round with it to any side of the pillar to 
which it may be swung. The worm and worm-wheel, which 
enable the height of the table to be adjusted by hand, may 
■be clearly seen in the engraving. 

With reference to the methods of fixing work upon the 
tables or base-plates of drilling machines, the reader who is 
familiar with the use of the face-plate of the turning-lathe 
win at once recognise the object of the slots with which the 
circular tables in Figs. 202 and 207 are provided. Any 
article which has vertical bolt-holes, horizontal flanges, or 
which is itself of no great height, can be secured by passing 
either plain or hook-bolts through the slots in the table ; or 
clamps resembling those for the lathe face-plate (shown in 
Fig. 128) can be used when necessary. And upon rect- 
angular tables or base-plates pieces of work can be secured 
in a similar manner, by means of their T grooves, into any 
IKUt of which holding-down bolts can be inserted. But in 
most cases the weight of the work is sufficient to steady it, 
and to prevent its revolving with the drill ; and if it manifests 
any disposition to move, the workman is generally able to 
steady it with his hand, so that it is unnecessary to secure it 
with bolts or otherwise. Large plates, &c., which cannot 
rest wholly upon the table, require of course extraneous 
support ; but the shortness of the time occupied in drilling 
any moderate-sized hole generally makes it preferable to 
hold them by hand rather than to have recourse to any 
mechanical means of lixing them. 

For steadying small pieces, especially such as have not 
a firm basis of their own — as, for instance, in drilling a hole 
transversely to the axis of any cylindrical work of small 
diameter — a via-chuck, like Fig 208, is a convenient addition 
to a drilling machine. The engraving sufficiently explains 
it— the slots in the base being for the purpose of bolting it 
down to the table, and the lever (which is moveable) for 
opening or closing up the jaws by means of the internal 
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screw. The centres upon which the jaws are hinged should, 
however, be noticed, as their position, well above the point 
at which each jaw transmits its pressure to the work, con- 
duces much to the steadiness of any article within its grasp, 
and prevents it from 'lifting.' 

For holding articles whose form precludes their being 
bolted down upon a horizontal surface, but which can be 
attached to a vertical one, an angle-chuck is generally sup- 
plied with vertical drilling machines. It consists, like the 
latlie-chuck of the same name, of a short bar of L-, or angle- 
iron, planed on its outer faces. Both its horizontal and its 
vertical portions contain slots for the reception of bolts, — in 
the one case for fixing the chuck to the table or base-plate 




of the machine, and in the other for attaching the work to 
the chuck. 

When a drilling machine is required for operating upon 
large pieces of work only, a wall-drill— of one example of 
which an engraving has already been given (Fig. 204), and 
in which both base-plate and table are dispensed with— is 
perhaps the most convenient form of all. Its framing is 
then so made that it can be fixed to the wall of the work- 
shop, and the whole of it is kept above the drill, so as to be 
quite clear of any work placed underneath it. Moreover, 
by turning an arch in the wall, and fixing the machine at its 
crown, the clear space below the framing can be still farther 
extended, so that a boiler or any other large object can be 
operated upon with perfect facility, 

' Double -gearing ' has been so fully described in connec- 
tion with the lathe, that it is unnecessary to do more than 
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to refer to it here. Both its object — that of obtaining greatly 
increased power by a corresponding sacrifice of speed^and 
the gearing by which this is effected, are in general perfectly 
similar, whether the work is to be performed in a power- 
lathe or in a drilling machine. The latter, when intended 
for drilling holes of more than about two inches in diameter, 
should always be provided with it 

One other variety of vertical drilling machine should not 
be passed over, inasmuch as it affords facilities for drilling 
vertical holes in large or ponderous articles by adopting the 
principle of adjusting the drill over the work instead o( 
arranging the work under the drill. In this respect the 
Radial Drilling Machine (Fig. 209) differs materially from the 
machines for drilling which we have thus far been con- 
sidering. The way in which this power of adjustment is 
obtained — as will be understood from the engraving — con- 
sists in supporting the drill-spindle, together with tlie gearing 
for driving and feeding it, upon a slide or carriage which 
can travel horizontally along a radial arm, the arm itself 
being moveable about a vertical hinge near its point of junc- 
tion with the fixed pillar of the framing. By combining the 
travel of the slide with the circular motion of the arm, the 
drill can be brought not only over any part of the base-plate 
of the machine, but even to a considerable distance beyond 
its limits on either side. The height of the arm can also be 
adjusted, it being for that purpose hinged to a long vertical 
slide, instead of directly to the framing. 

But these advantages are not obtained without con- 
siderable sacrifice of simplicity in the working parts, as must 
be evident when we consider that the driving power has 
to be transmitted first to the radial arm, whose height and 
direction are variable, and from it to the drill- spindle, of 
which the position and height are also variable. Means 
must be provided too for raising or lowering the arm, and 
for regulating the traverse of its slide, without interfering 
with the self-acting feed-motion of the drill-spindle. The 
I Google 
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manner in which these requirements are satisfied will pro- 
bably be self-evident on studying the figure, in which the 
reader who has accompanied us thus far in the subject of 
drilli»g machinery will not find much difficulty in tracing 
out for himself the course of the power from the driving- 



pulleys to the drill, nor in understanding what may be called 
the subsidiary parts— for feeding, adjusting, &c. 

One fact should be borne in mind, for it greatly simplifies 
this task, not only in machines of comparatively few parts, 
like the present one, but in most others, however com- 
plicated they may at first sight appear. It is this : that in 
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all properly designed machinery the strength of the working 
parts is proportioned to the strains they have to bear ; so 
that by observing their strength a good idea may be 
obtained as to the amount of power they are intended to 
transmit Toothed wheels, shafts, &c., will thus be found 
to a great extent to tell their own story, the thickness of 
the teeth of the former and the breadth of their faces, and 
the diameter and length of the bearings of the latter, being 
frequently most valuable guides in assigning to each their 
respective duties Examining, for instance, in this way the 
various working parts of Fig. 209 — keeping in mind of course 
the main object of the machine, which is in this case to 
convey the power firom the driving-pulleys to the drill- 
spindle without any great alteration of speed (except through 
the agency of the double gearing) - a single glance assures 
us that the horizontal shaft running along the radial arm, 
and also the vertical shaft between the trunnions on which 
the arm is hinged, are for the purpose of transmitting this 
power, since they, and also the drill -spin die, are approxi- 
mately of the same diameter. An inspeciion of the gearing 
by which they are connected confirms this impression. 

The vertical shaft is driven from the double-geared pulleys 
by a pair of strong bevil-wheels — which are clearly seen near 
the centre of the hinge of the radial arm- the rise and fall 
of the arm being provided for by grooving the vertical shaft 
and fixing a feather in the boss of its bevil-wheel, this wheel 
being supported by a bracket projecting from the fixed part 
of the framing. Similar bevil-wheels connect the vertical 
with the horizontal shaft (one of these is partly seen in the 
figure just below the upper trunnion of the radial arm), 
which also is grooved throughout its length on account of 
the traverse of the slide, a pinion in this case at the back of 
the slide being carried with it to any part of the arm to which 
it may be moved, and a feather in the boss of the pinion 
remaining constantly in the groove of the shaf^ so as to 
receive its motion. This pinion cannot be seen in the 
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engraving, but the spur-whtel in front of the slide which 
gears into it shows us at once by the width of its face (which 
is almost equal to that of the spur-wheels of the double 
gearing) that it transmits the driving power to the drill, and 
has nothing to do with its adjustment or feed. One other 
pair of bevit-wheels gives revolution to the drill-spindle — 
which of the two pair with which it is furnished the reader 
will have no hesitation in determining for himself on the 
principles above recommended. The others convey the 
minute proportion of the driving power which is required to 
make the feed self-acting ; a pair of small conical pulleys 
at the back of the radial arm giving the requisite control 
over its speed. These, however, and the 'rack -feed ' gener- 
ally, have already been noticed ; so we will here only call 
attention to the smallness of the diameter of the vertical 
shaft, which performs the very light duty of connecting the 
lower worm-wheel with the upper worm. Still one other 
pair of bevil-wheels remains, namely, those in front of the 
standard of the framing. They are for the purpose of raisin;; 
or lowering the radial arm, together with the slide, gearmg, 
&c., which it carries ; the combined weight of which renders 
it necessary to give considerable strength to the teeth of the 
wheels by which this is effected. So that in this case there 
may at first sight be some doubt as to their use, although a 
small amount of consideration (with which the application of 
what has been said above must always be accompanied) 
soon points out the necessity for their somewhat exceptional 
strength. In this adjustmentahand-wheel.worm, and worm- 
wheel are sometimes substituted for the bevil-wheels and 
pulley shown in the engraving, the circular motion being in 
each case converted into a vertical one by means of a pinion 
gearing into a rack which is fixed to the slide upon which 
the radial arm is hinged. 

The bases of radial drilling machines are occasionally 
made of sufficient height to enable their vertical sides to be 
utilised in holding articles which can be more conveniently 
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affixed to a vertical than to a horizontal surface. When this 
is the case the base assumes the form of a large rectangular 
box, with horizontal T-grooves cast upon its sides and ends. 
The following particulars of the vertical drilling machines 
figured above will serve as a guide in stating the capabilities 
of others of the same kind. 

The single-geared machine (Fig. joa) is capable of drilling 
holes up to ij-inch in diameter, to a depth of 10 inches, 
the distance of the centre of the hole from the edge of the 
work being limited to one foot 

The wall-drill, of which an outline is given in Fig. 204, 
has, of course, no limit as to the position of the hole which 
it can drill, and, being double geared, its diameter can be 
as much as 6 inches, the travel of the drill-spindle, which 
determines its depth, being 14 inches. 

The powerful double-geared 'circular pillar' machine 
{Fig. 207) can, like the preceding one, drill holes up to 
6 inches rn diameter, their greatest distance from the edge 
of the work being 15 inches. It can admit articles 
3 feet 6 inches high. 

The radial drilling machine (Fig. 209) is also adapted for 
drilling holes up to 6 inches in diameter, the travel of the 
spindle being 13 inches. Its arm has 18 inches of vertical 
adjustment, and can be swung round upon its axis through 
something more than a semicircle. The travel of the slide 
upon the arm enables the drill to be placed at any distance 
between z feet 6 inches and 6 feet from the centre of its 
trunnions. 

The drills used with these and similar machines were 
formerly almost exclusively of the type shown in Fig. 210 ; 
and where the sides are parallel for a short distance from 
[he cutting end, so that they afford a certain amount of 
guidance, fairly straight and clean holes can be made with 
them. But the thickness of the point, and the disadvan- 
tageous position of the front face of the cutting portion, 
which tend to render the action slow and imperfect, even 
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with small drills, become seriously objectionable in the case 
of large ones. By forming 'lips,' however, in the manner 
shown in the sketch (Fig. zii), considerable improvement in 
both of these particulars can be effected. A half-inch lipped 
drill when working well should perforate a wrought-iron 
plate one inch thick in about half a minute, and an inch 
drill in about one minute. 



V 



« 



Twist drills have of late years come much into use for 
drilling holes of lai^e as well as ?mall diameter, and they 
fully deserve the preference which is now very generally 
accorded to them. Two such drills, with tapered shanks, 
■suitable for use with drilling machines, are represented in 
Fig. 212. They are obtainable up to 3 inches in diameter, 
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a full set consisting of 53 drills, ranging from this size down 
to i of an inch; but the large ones are costly. Owing to the 
large extent of their cylindrical ' guiding ' surfaces the holes 
which they produce are superior, both in slraightness and 
smoothness, to those made with drills of the old pattern. 
The facility with which they can be sharpened without inter- 
fering with the original diameter is also much in their favour. 
The grinding of the extremity, however (which is all that is 
necessary in sharpening), requires to be done with consider- 
able accuracy, and as equally as possible on each side of the 
point, to assist in which the drills are now marked with a 
central ' grinding-line ' at the bottom of each spiral groove. 
Various emery drill-grinding machines have special provision 
for attaining this end, and 
at the same time preserv- 
ing the original angles of 
the cutting edges, and their 
use is no doubt advan- 
tageous wherever much 
drilling is required. 

When the diameter of a 
hole that is to be drilled is 
considerable, it is generally 
preferable first to drill a 
smaller but accurately 
placed 'leading-hole,' and 
afterwards to enlarge this 
by following it up with a 
drill of the required size 0^k 

Pin-drills, made on the ^0 

same principle as the Plug- yk, an. Fm. 714. 

Bit (Fig. 56), and used in ReasiagBii. Goring Bit. 

this way, give good results, 

provided that the size of the leading-hole is such that it just 
fits the pin. So, also, do such tools as the Recessing Bit 
(Fig, 213), and the Siaa. Boring Bar -mih a. loose steel cutter 
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keyed into it (Fig. 214), the necesEary guidance in all these 
cases being afforded by the leading and not by ihe finished 
hole. The special object of the Recessing Bit is for en- 
larging the ends of screw-holes, so as to admit the heads 
of ' cheese-headed ' screws, but it is introduced here as 
a suggestive fonn, easily made, and adaptable to various 
purposes. 

To the subject of Boring Bars we shall return a few 
pages further on. 

But before quitting the subject of drilling we must 
mention the so-called Multiple Drilling Machines. What- 
ever may have been the purpose for which they were origin- 
ally devised, their first introduction on a large scale was due 
to Messrs. Cochrane of Dudley, who employed them in the 
manufacture of wrought-iran girders. For such purposes — 
in which it is necessary to drill very large numbers of rivet- 
holes with rapidity, and to place the drills with such accuracy 
as to ensure perfect correspondence between the holes — 
they offer very great advantages. Fig. 215 shows the end 
standards, with a portion of the horizontal girder by which 
the drill-spindles are carried in a machine of this kind, by 
which upwards of forty holes can be drilled simultaneously. 
A section through the girder is given to an enlarged scale 
in Fig. 216. The standards are placed at a sufficient 
distance apart to admit between them the longest plate 
which has to be operated upon, so that the length of the 
machine varies according to the purpose for which it is 
intended. In any case a planed table for the support of the 
plate extends under the whole range of the drills, hydraulic 
cylinders or other mechanical means being provided for 
slowly raising this table, and thus bringing the work gradu- 
ally up to the drills, instead of complicating the spindles 
by giving them any vertical feed-motion. One hydraulic 
cylinder only appears in our engraving, the second, together 
with about three-fourths of the number of drill-spindles with 
which the machine is provided, having been necessarily 
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omitted. To enable the holes in the plate to be drilled at 
any required points, each spindle is supported in an inde- 
pendent frame, which can be fixed at any part of the girder 



Seciion tniargtd. """^ ^'^° °" **^^ driving shaft opposite to 
it, a short length of a many- threaded 
screw. These, which are precisely similar to one another, 
and in appearance resemble small spur-wheels with inclined 
teeth, are capable of working t<^ether (by sliding instead of 
rolling contact) when their axes are at right angles to each 
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other. Being of much smaller size than bevil-wheels of 
equa] strength, they allow the spindles to be placed much 
closer together than would be possible if they were driven 
in the usual way with bevil -gearing. Indeed, by driving the 
alternate spindles from separate shafts placed one above the 
other, they can be so arranged as to drill holes of which 
the centres are only i\ inches apart. 

With none of the foregoing machines is it possible to 
drill holes of other than circular section, although for some 
purposes — such as in the expansion joints of iron structures, 
and possibly also for obtaining increased sectional area of 
rivet in rivetted plates— it is desirable to give them a more 
or less elongated section. With punching machines, as we 
shall see presently, holes of almost any required form can 
be produced, but for highly finished work they are inadmis- 
sible, and machines have, therefore, been devised with which 
elongated holes (as in Fig. zo8) can 
be drilled at a single operation, the 
proportions between their length 
and widths being variable within 
very considerable limits. This pro- 
Fifi. aij.-SioiDniimg. ^.g^j jg J^nowu as Slot Drilling. 
Fig. 217 shows an example of it, 
and one of several varieties of machine for doing it is given 
in Fig. 218. It will be seen that the drill -spindle is mounted 
on a carriage which is supported by a horizontal slide, much 
in the same manner as in the radial machine (Fig. 209), The 
carriage, however, instead of being adjusted once for all, as 
in that case, continually receives a slow backward and 
forward motion along the slide to an extent which depends 
upon the amount by which the length of the hole is to exceed 
its width. This motion, proceeding simultaneously with 
the rotation of the drill, produces a hole of the desired form, 
which may be carried either entirely or only partially through 
the work. In the engraving the 'cross-head' of a steam- 
engine is shown in position for having a cotter-hole drilled in 
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this manner, the table on which it is supported being capable 
of being adjusted as to height, or being entirely removed, 
so that no vertical adjustment is required for the slide. The 
movement is given to the carriage by connecting it at the 



Fig. a T8.-SI01- Drilling Machine. 

back with a stud which projects from the face of a revolv- 
ing disc, the extent of the motion being determined hy the 
distance from the centre of the disc at which the stud is 
fixed. In order to overcome the irregularity with which 
the carriage would move at the different parts of its traverse 
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if the disc were to revolve at a uniform rate, the pinion by 
which it is driven is made eccentric and the disc itself ellip- 
tical ; by which arrangement the lateral movement of the 

carriage, and therefore of the drill which it supports, is 
rendered everywhere nearly uniform. 

For the combined horizontal and vertical cut thus ob- 
tained, the usual pointed drills cannot be employed. It 
has been found, indeed, that the best 
results are obtained by using a tool 
from which the central part of the cut- 
ting edge has been entirely removed. 
The Forked Drills shown in Fig. 219 
are examples of slotting tools of this 
kind, one of them being made from 
solid sleel by forging and grinding, and 
the other by fixing loose cutters in a 
permanent stem. As roughing tools, 
forked drills answer their purpose well, 
being rapid in their action. But when 
^/^ smoothness of surface is required, they 
yWp must either be followed by some kind 
^^^ of finishing drill, or they must be aban- 
FiG. 119. doned in favour of some other form, — 

Forttd sioi Drills. such as Square-ended Drills, in which 
a small portion only is removed from 
the centre, as shown in Fig. 220. 

Two examples of Rose Drills for finishing are given in 
Fig. 221, the cutter of one of them being formed in a 
separate piece from the stem, so that other sizes can be 
substituted for it The stems of slotting drills, whatever 
their form may be, and also the spindles which carry them, 
must possess much greater strength than is required for 
ordinary drilling, on account of the side-strain to which they 
are subjected. 

The Slot-drilling machine. Fig. 218, can take in objects 
of any length, provided that the height does not exceed 
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3 feet, and slotted holes up to 13 inches by 4J inches can 
be drilled in them to a depth of 11^ inches. Various other 
forms are also made, some of which are provided with 
duplicate spindles, tables, &c., so that two slotted holes or 
grooves can be drilled at the same time either in 
one piece or in two separate pieces of work. For 
the use of these machines is by no means con- 
fined to the drilling of holes for such purposes 
as we have mentioned. Key-beds and many 
similar recesses may be cut with them in positions 
upon which other machine tools could not be "" "Z^ 
brought to bear, and their performance is such sim odii. 
that no after-treatment with the file or. other tool 
is required On a similar principle— the motion, however, 
being given to the work instead of the tools — an entire 
series of slotted holes could be easily 
drilled at once if required. 

In passing on now to Boring, which 
implies the use of some description of 
Boring Bar, we may mention that one 
very simple method of performing the 
operation consists in fixing between the 
centres of a lathe a plain iron bar, 
such as Fig. 214, with one or more 
transverse slots somewhere near its 
centre. Into each slot a cutter, either 
single or double-ended, is keyed ; the 
article to be bored— which must have 
an opening through it of sufficient 
size to admit the bar — being attached 
to the saddle of the slide-rest, the 
movement of which along the bed of hom sioi Drills. 
the lathe feeds the work continuously 
up to the tool. The length of the bar must be about 
double that of the cylinder or other article to be bored, 
and its diameter must be sufficient to enable it to support 
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the cutter rigidly, and at no great distance from its cutting 
edge. 

But in Boring Machines the opposite method is generally- 
preferred, the work being kept stationary and the feed- 
motion given to the cutter or cutters. The usual arrange- 
ment is to mount several of these round the circumference 
of a Cutler-Block capable of sliding along the whole length 
of the boring-bar, which need not then greatly exceed the 
length of the boring for which it is to be used. 

Fig. 222 shows a Horizontal Boring Machine with a 
locomotive engine cylinder in position for being bored out 
In this case the cutter-block has slots for receiving four 
cutters, and its sliding movement or ' feed ' is regulated by 
the long screw within the bar. Thus it is merely necessary 
to drive the bar and the screw at slightly different rates of 
speed in order to obtain a continuous feed-motion. Different 
makers accomplish this in different ways, the arrangement 
shown in the engraving being as follows ; — 

The screw, which is here concentric with the bar, is 
carried beyond it at the driving end, and through the centra 
of a spur-wheel (a) which is keyed upon the bar. Upon the 
end of the screw a second spur-wheel (d) is fixed, its 
diameter being greater than that of the first by an amount 
which depends upon the speed which is to be given to the 
screw. Into these gear two wheels (b and c), of which the 
diameters differ to the same extent as those of a and D. 
Since b and c are so connected that one cannot rotate with- 
out the other, their effect, when the bar is in motion, is to 
oblige D to revolve slightly more slowly than a, thus impart- 
ing to the screw to which d is attached a slow revolution, 
independent of that of Che bar. Different rates of speed 
may be obtained by substituting differently proportioned 
wheels for c and d. 

Other modes besides the large worm and worm-wheel in 
Fig. 222 are employed for driving the bars of boring machines, 
but some form of screw feed is almost invariably adopted, 
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uniformity and steadiness in this being of great import- 
ance. 

The high degree of accuracy now reached in the' boring 
vf steam cylinders has led to the discovery of previously 
unsuspected sources of error in work of this class. It haK 
been found, for instance, that the distortion of a large cast- 
iron cylinder due to its own weight only, when it is laid 
horizontally and bored truly in that position, is sufficient to 
render lis form incorrect when it is placed vertically, and 
vice venA, so that large cylinders must be bored in the 
position which they are to occupy when in ust. 

The diagram, Fig. 223, shows two views of a Cutter 
mounted in the sliding head of a vertical boring-bar. In 




Fig. Ji3.-Cul«r for Boring Bar, 

boring out a cylinder several of such cutters are fixed in the 
boring-head, and the total depth of the metal to be removed 
in order to bring the cylinder to the required diameter is 
divided amongst them, so that each shall do its share of the 
work. The last cutter of the series is very carefully fmished 
on an oilstone, and is so adjusted that it takes off only a 
minute quantity of metal from the surface of the cylinder, 
which it thus leaves smooth and bright. By this means a 
cylinder of even 120 inches in diameter may be bored 
practically correct. The only difference of form between 
the roughing cutters and the finishing cutter is that the 
front face of the latter is made more nearly radial, so that it 
may be said to scrape and burnish the metal surface but 
scarcely to cut it. 

D,g,nz»-it., Google- 
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Cylinders which can only be attacked from one end 
necessitate the use of boring-bars on a different principle. 
In their case the cutters must obtain the requisite guidance 
front! the bore itself, — just as a rimer or a screw-tap is kept 
to its true course, — and they can be carried by a simple 
fixed head at the end of the bar. This method was very 
early used, and has been carried to great perfection in con- 
nection with gun-boring. It will be readily understood from 
the engraving below (Fig. 224), which represents the head of 
a Gw«-ifm«^.5arfor taking a minute final cut from the bore 
of heavy ordnance. The cutters (a a) are six in number, and 
they are firmly secured to the head, being carefully adjusted 
as to distance from the axis of the bar by packing them at the 
back with very thin paper. As may be observed, they are 
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arranged in two sets of three each, of which the first set 
performs almost the whole of the work— the second being 
chiefly added as a safeguard against error in the size of the 
bore on account of wear of the short cutting edges, which 
takes place to a small but an appreciable extent in the 
course of even a single boring. Following the cutters is a 
series of six guide bars (b b b) arranged spirally, which are 
made exactly to fit the bore. Provided that the length of 
these is sufficient, and their fit perfect, it is evident that the 
cutters cannot advance except in a straight line ; so that in 
order to ensure the direction of the bore being correct 
throughout, it is only necessary for it to be correctly started. 
Moreover, the true circular form is efTectually secured to it 
by the spiral arrangement of the guiding surfaces, which pre- 
vents its having any tendency to become polygonal. 
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The power and efficiency of modem gun-boring ma- 
chinery may be appreciated from the fact that with that 
now used in the Royal Gun Factories at Woolwich a hole 
loinches in diameter and 25 feet deep can be bored in solid 
steel at a single operation, and bores have been carried 
nearly to this depth with a variation of less than one- 
hundredth of an inch in the diameter. 

An improved boring tool recently introduced there by 
the superintendent, Colonel Maitland, R.A. (to whose 
courtesy we are indebted for the hitherto unpublished 
drawing and description of it here given), is especially inte- 
resting, both as a suggestive form of special tool, and as an 




instance of the economy which may be the result of a 
judicious departure from established practice, when occasion 
demands it. 

Instead of uselessly expending power, and frittering away 
a very costly material by reducing to shavings the mass of 
metal which must be removed in the process of forming the 
inner portion of a gun by boring out a steel ingot. Colonel 
Maitland takes out a solid core by means of the Trepanning 
Bary Fig. 225. The head or working end of this carries a 
series of cutters — six or more in number, according to the 
diameter of the head— arranged to act alternately on the 
inner and the outer halves of its annular cut, hard wood 
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' burnishers ' giving the necessary guidance and steadiness. 
In the cross section in Fig. 225, the acting portion of each 
cutter is shown in black. 

The removal of the shavings is effected with complete 
success by introducing a stream of soap and water, under 
pressure, through the pipe at the opposite end of the bar, 
which, as it can escape only by passing first through the 
longitudinal channels left for the purpose on the inside, and 
then through those on the outside of the head, keeps the 
working face constantly clear. With a tool of this kind, with 
an ii-inch head, solid steel has been bored at a rate of 
about 3 inches per honr to a depth of 25 feet, the diameter 
of the core being 9^ inches. And these dimensions do not 
at all indicate the full capabilities of the system, which 
appears to be quite equal to meeting every demand which 
is likely to be made upon it 

Up to the present time (1883), the largest tool of this 
kind actually at work is a 14-inch bar with 10 cutters which 
bores at the rate of 2^ inches per hour ; but several others 
— up to z4-inch bars with iScutters — are being made, and 
still further extensions of the principle are in contemplation. 
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CHAPTER VIII. 

ON PLANING, SHAPING, AND SLOTTING NLACHINERY, 

The modern Planing Machine is essentially a copying 
machine. It reduces a surface to flatness, or to a close 
approximation to flatness, by making upon it a series of 
parallel cuts with a tool which is generally more or less 
pointed. Each of these cuts is, as to direction, an exact copy 
of the movement of that portion of the machine hy which 
the work is supported, or, in other words, of the slide which 
determines the nature of this movement ; whilst the line in 
which each fresh cut follows the previous one is also a copy 
— in this case of the slide along which the tool receives its 
feed-motion. If both of these movements take place in 
straight lines— as they must whenever they result from the 
sliding of plane surfaces upon one another — every portion 
of the work upon which the extremity of the tool has been 
made to act lies in one and the same plane surface ; but if 
either the one or the other of them be made to follow a 
circular path, it is evident that instead of a truly flat surface 
we shall obtain a curved one, with equal accuracy. We shall 
see in the course of the present chapter that this latter 
combination of movements, as well as the former, is turned 
to useful account in mechanical workshops. 

A good examjile of an ordinary Planing Machine is given 
in Fig. 226. It consists essentially of a sliding table for 
supporting and giving a reciprocating motion to the work, 
together with suitable arrangements for fixing one or more 
planing tools above it and for providing them with an 
intermittent feed. 

First let us examine the construction of the table, and 
the means adopted for imparting to it the necessary motion 



Ordinary Planing Machine. 
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along the bed. The two parallel beams or cheeks which 
form this bed, giving it some resemblance to a lathe bed, 
have upon their upper sur&ces V'^baped grooves, made 

accurately parallel throughout the entire length of the 
machine, and truly plane as regards their sides. Correspond- 
ing projections, which are cast on the under side of the 
table and are also carefully worked up to a true surface, 
serve to convert the bed and the table together into a 
large slide, no other security besides the weight of the 
latter being necessary to keep it from leaving the grooves. 
The table, however, must not only be enabled, it must be 
compelled to slide backwards and forwards along the bed, 
and that both with sufficient force to cause the tool to take 
a cut from the surfece of the work, and to a sufficiently 
variable distance for its motion always to correspond with 
the length of the portion which has to be planed. The 
usual method of effecting this is to fix a rack in the centre 
of the table on its under side, a pinion (of wrought iron) 
which gears into this being driven— through a train of wheels 
capable of sufficiently reducing the speed — by a belt and 
pulley in the ordinary way. Were it not for the necessity 
of constantly reversing the motion, all would be simple 
enough, but after each cut has been made the table must 
be brought back to the position whence it started ; and 
since the tool cannot act when the work is moving away 
from its edge, it becomes an object to spend as little time 
as possible over the return stroke. 

This has led to the introduction of various method of 
obtaining a quick return, one of which will be intelligible 
from the accompanying diagram (Fig. 227), which shows the 
general arrangement of the wheels in the planing machine 
represented above. Their duties are threefold : first, to 
effect a sufficient reduction in the speed of the shafting from 
which the machine is driven ; secondly, to convert the 
rotary motion thus reduced in speed into a forward horizontal 
one (the table as it appears in the figure being thus moved 
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from left to right); and thirdly, to produce a similar back- 
ward movement at a less reduced speed. For the second of 
these — namely, the conversion of the circular into a recti- 
linear motion — the rack below the table, which has been 
already mentioned, provides. A short length of this is 
shown at r in the diagram, the wrought-iron pinion and the 
large spur-wheel, of which the upper portion can be seen in 
the general view of the machine, being represented by p and 
s respectively. Of the three pulleys and the remaining 
toothed wheels, those by which the forward stroke is given 
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are marked a, and those for the return stroke b; the in- 
creased number of wheels in the former of these trains being 
for the purpose of sufficiently reducing the speed, which, as 
already pointed out, would be a positive disadvantage for the 
latter. The central pulley is 'idle,' that is to say, it runs 
loose upon the shaft, as also does the ' return ' pulley which 
is marked b, but this last is inseparably connected with the 
pinion b. In order, therefore, to drive the table alternately 
backwards and forwards at these different speeds, it is only 
necessary lo shift the strap from one of the outside pulleys 
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to the other at proper intervals, the idle pulley between them 
allowing a short period of rest between the two motions. 
This can be done by merely moving to one side or the other 
the lever which projects from the bed near the centre of the 
machine, but by a simple arrangement, to the consideration 
of which we will now pass on, the taUe itself is made to 
change the position of the strap when it comes to the end 
of its traverse, whatever the length of that traverse may be. 

Projecting from the bed of the machine near the lever 
just mentioned, two short curved arms may be perceived, of 
which the resemblance to a pair of horns has gained for them 
that appellation. They also appear in the diagram {Fig. 229), 
where they are marked hh', in which the portion of the 
figure which lies to the left of them, taken in connection 
with the plan of the strap-shi fling arrangement shown 
above it, will serve to explain their action with but little 
verbal description. It should be noticed, however, that the 
horns H h' are not in one and the same vertii al plane, h' 
being placed in front of h by the amount of its own thick- 
ness. By providing the table, therefore, with two adjustable 
stops, one in the plane of each of the horns, and setting 
these at proper distances apart for reversing the motion at 
any required point, the short shaft to which the horns are 
attached is turned to a small extent alternately to one side 
and to the other, thereby moving the lever l, the sliding bar 
G, and the fork f, between the fingers of which the strap 
passes to the pulley. One only of the stops appears in 
either the perspective view or the diagram. In the latter it 
is marked j. 

A planing machine, however, is required to be self- 
acting with regard to the feed of the tool as well as in 
respect of the traversing motion of the table, and, since the 
feed must be intermittent, this too can be conveniently 
derived from the movement of the horns by which the 
shifting of the strap is accomplished. But before turning 
our attention to the arrangement by which the feed is made 
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self-acting, we must examine in some detail the construction 
of the apparatus by whicii the tool is supported. 

A Tool-holder or tool-box, as it is sometimes called, is 
represented in Fig. 228. The cross-slide which carries 
it can be seen distinctly in the general view of the 
machine (Fig. 226), in which also should be noticed the 
bevil gearing at the top of the side standards, by which 
the cross-slide itself can be raised or lowered. The 
screws within the standards, upon the upper extremities of 
which one of each pair of these bevil-wheels is fixed, thus 
form a rough adjustment for the 
height of the tool. But for finally 
adjusting it, and for giving also 
a vertical feed to it when re- 
quired, the tool-holder is fur- 
nished with a slide, the two 
halves of which are marlced o 
and V in the engraving. By 
turning the hand-wheel which is 
keyed upon the top of the vertical 
screw, V can be raised or lowered. 
The tool, however, is not attached 
directly to the moving half of the 
slide V. It is often desirable to 
incline it to a small extent either 

, , . Fig. aiS.— Tool-Holder. 

to one Side or the other, for 

which purpose v has affixed to it a slewing-plate w, which 
is capable of being set to the required inclination, and 
being retained in that position by a bolt passing through a 
slotted hole in the upper portion of it. But even to these 
the toot is not directly attached. For it is found to be highly 
injurious to the cutting edge to keep it in contact with the 
work during the return stroke— an evil which is perfectly 
remedied by hinging the front plate (x), instead of connect- 
ing it rigidly with the slide. By this, therefore, the tool is 
carried. 

^ D,g,nz»1t., Google 



243 Workshop Appliances. (Chap. 

In addition to slewing the too! by means of the plate w, 
it is sometimes important to be able to give it an inclined or 
' angular ' feed instead of a vertical one. This is provided 
for by making the hinder portion of the slide (u) moveable 
laterally about a point somewhat below its centre, the bolts 
by which it is attached to the saddle t having the heads 
constantly in some part of a circular y-groove, so that u, 
and with il the entire front portion of the tool-holder, can be 
clamped by them at any desired inclination, the angle being 
indicated by graduations on the face of the saddle. 

Let us now see how the feed-motion can be gjven, 
whether this slide be set vertically or inclined. In Fig. 226 
two light shafts may be observed running from end to end of 
the cross-slide, and passing behind the saddle of the tool- 
holder. One of them (the lower one) has a screw-thread cut 
upon it, by which it drives the tool-box horizontally along 
the cross-slide in the ordinary way. But it is the other 
shaft which communicates motion to the parts which we 
have just been examining, and this has no screw-thread, but 
merely a longitudinal groove. Upon it is a small bevil- 
wheel with a feather in its boss, which by this means is 
made always to revolve with the shaft, although it can travel 
freely with the saddle to any part of the cross-slide. Gear- 
ing into it is a second bevil-wheel, and attached to this \\; a 
third, the horizontal axis upon which these last jointly re- 
volve coinciding with that about which the front portion of 
the tool-box can be adjusted One other bevil-wheel upon 
the lower end of the vertical screw establishes the connec- 
tion between this and the grooved shaft, the screw of course 
moving the slide equally whether it receives its own motion 
through the hand-wheel at its upper, or through the bevil- 
wheel at its lower, extremity. The arrangement may seem 
to be complicated, but it appears to be the simplest which 
can be used for transmitting the motion between two shafts, 
of which the axes are in different planes, and which have 
also a variable inclination to one another. It enables either 
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a vertical or an inclined (or 'angular') feed to be given to 
the tool with equal facility. 

It now only remains for us to trace the motion to the 
shafts vithin the cross-slide, and to observe how its amount 
can be regulated so as to vary the feed of the tool And by 
merely increasing the number of the parts the same arrange- 




ment can be made to serve when two tool-holders are 
attached to the cross-slide, which is generally the case in the 
larger sizes of planing machines. Two screwed shafts and 
two with grooves are then placed within the cross-slide, 
either pair being capable of being simultaneously set in 
action, so that feed-motions, similar both in amount and in 
oook- 
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direction, can be imparted to both the tools. In the por- 
tion of the cross-slide which appears in Fig. 228, this 
duplicate set of shafts may be observed, the machine to 

which it was attached having been provided with two tool- 
holders, although— in order to avoid complication — we have 
selected for the general view {Fig. 226) a smaller machine 
which has but one. 

In the diagram, Fig. 229, is the side view of a cross-slide 
with a single tool-holder, of which the various parts are indi- 
cated by the same letters as in the perspective view already 
given (Fig. 228). The ends of the horizontal screw and 
grooved shaft appear at m and n respectively, and it is to 
one or the other of these that it is required to impart a small 
amount of rotation (in either direction) which must be 
ca|>able of sufficient variation to make the feed of the tool 
either heavy or light For this puqjose a small spur-wheel 
(q) is made to ride loose upon a short fixed spindle, which 
is equidistant from the shafts m and n, to either of which it 
can be made to transfer any motion which it receives by 
simply slipping a pinion over the end of the one which is to 
be driven by it In the diagram, the pinion is supposed to 
be represented by the doited circle round the end of the 
screwed shaft m, so that the result of communicating motion 
to the wheel q would be to move the tool horizontally. 
And the manner in which the movement of the horns H h' 
effects this is sufficiently obvious. The spindle which car- 
ries the spur-wheel Q also has upon it a bell-crank lever, 
to one arm of which a pawl is attached. When this pawl is 
turned over, so that it rests upon the teeth of q on one side 
of the arm or on the other, whatever rocking motion the 
lever receives serves to give an intermittent revolution in a 
corresponding direction to the spur-wheel q. And this rock- 
ing motion is derived from the horns through a connecting- 
rod attached to the vertical rod k, at the foot of which is a 
second cranked lever.. This lever — as well as the former 
one— has one of its arms slotted ; by which means the 
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amount of motion received, in the first place by the rod k, 
and secondly by the wheel q, can be readily and accurately 
adjusted. 

Having now a tolerably clear insight into the arrange- 
ment of the various parts in such a Planing Machine as is 
represented in Fig. 226, the reader who has the opportunity 
of examining for himself others of different construction will 
probably be easily able to understand their mode of action. 
But for his further assistance, and also for the information of 
those who have not that advantage, we will here briefly 
notice one or two of the more important of the other 
mechanical expedients which are to be met with in tools of 
this kind. 

One of these — which, although the particular machine 
g;iven in the foregoing engraving is not provided with it, may 
be found in those of larger size by the same makers — is the 
Stepped Rack. In appearance, it exactly resembles an 
ordinary rack cut in the direction of its length into two or 
more equal parts, the teeth of each part being set out of Une 
with each other— as shown in the annexed cut 
(Fig. 230) — to the extent of one-half their pilch 
if the rack be divided into two parts— to one- 
third if into three, and so on. The pinion is, 
of course, made in a similar manner— the effect 
of the arrangement being to cause the teeth to 
work together with all the smoothness which 
would be obtained by pitching them two or 
three times as finely, without sacrificing the ^^^ 
strength due to the coarser pitch. The latter, siepptd Rack. 
we may mention, is frequently severely tried, 
on account of the great weight of the table and the work 
carried by it in some of the lai^er planing machines. 

But a rack is not the only method employed for convert- 
ing the circular motion delivered to a machine of this kind 
into the intermittent one required for its table. An endless 
chain driven by rag-wheels has been used for the purpose, 
„H,gle 
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but has long been abandoned ; and inonepaltem of machine 
the same end is gained— in what is considered to be a 
superior manner — by placing a powerful horizontal screw 
within the bed, the direction of its revolution being reversed 
at proper intervals for giving any desired length of traverse. 
The arrangement of the reversing gear will be evident from 
Fig, 231, in which, as in that already shown in Fig. 227, the 



motion of the table is either backwards or forwards, accord- 
ing as one or other of the outside ones of a set of three 
pulleys is driven by the strap — that in the centre being, as 
before, an idle pulley. The screw passes through a nut 
attached to the under side of the table, and has upon its 
extremity a bevjj-wheel of sufficient size to reduce the speed 
of the pulleys to that required for driving (he screw. Upon' 
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the opposite sides of this wheel two bevilled pinions gear 
into it, one of which is connected with one, and the other 
with the other of the two outside pulleys, by casting one 
pulley with its pinion upon a short hollow spindle, and pass- 
ing through it the shaft to which the other pinion and pulley 
are keyed ; — their arrangement being in this respect precisely 
similar to that of the pinions and the pulleys marked a and 
B in Fig. 227. But it is evident that although, by merely 
shifting the strap, the screw can then be driven alternately 
backwards and forwards, its speed is the same In either case, 
so that as much time is occupied in the return as in the 
forward movement This Sir Joseph Whitworth has turned 
to account by the simple method of reversing the tool at the 
end of each stroke, thereby enabling it to cut during the 
whole time that the able is in motion without regard to the 
direction in which it is going. 

But whilst we are on the subject of driving and reversing 
the tables .of planing machines, we should mention Mr. 
Shanks's modification of the above gearing, which, by the 
addition of only one bevil-wheel, provides this arrange- 
ment with a quick return motion. The additional wheel, 
which is of small diameter, is fixed within and concentric 
with the circumference of the larger wheel which appears at 
. the end of the screw in the preceding illustration. With this 
ihe bevilled pinion which is in connection with the reversing 
pulley is made to gear instead of with the large wheel, into 
the opposite side of which the other pinion, which runs the 
table forwards, gears as before. The difference between the 
diameters of the inner and the outer wheel carried by 
the screw then determines the variation in the speed of the 
return and the forward stroke, no alteration in the size of the 
pinion being necessary. 

A few words will suffice to explain the general principle 
of the Revolving Tool-Holikr (Fig. 232), which was in- 
vented, as above stated, for the purpose of enabling the tool 
to cut during the return as well as during the forward stroke. 
„H,glc 
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The front of the holder carries a vertical cylinder. At the 
lower end of this is a recess, in which the tool is placed, and 
in which it can be so adjusted that the centre of its cutting 
edge is exactly in a line with the axis. Round the axis the 
cylinder is driven through exactly half a revolution every 
time the table changes its direction, special arrangements 
being provided for giving the desired feed on each of these 
occasions, and not at the end of the return stroke only, as in 
the machine described above. This mechanism, although 
it appears sufficiently simple when seen in operation, would 
appropriate far too much of our 
space if we were to attempt to 
explain it here in detail. The 
semi-revolution of the cylinder, 
which, with the earlier machines 
of this kind, was obtained from 
the alternate rise and fall of a 
stud working in a spiral groove 
cut upon the cylindrical surface, 
is now generally produced in 
preference by a gut band 
stretched over two vertical pulleys 
upon opposite sides of the ma- 
chine, which in its passage from, 
one to the other takes a couple 
of turns round the top of the 
cylinder of either one or both the tool-holders upon the 
cross-slide. But although this may be simple, in point 
of appearance it is hardly satisfactory for a highly finished 
machine-tool, in which conspicuous cords and bands alwaj"s 
seem rather out of place. Owing to the prominent position 
of the cylinder, and the alacrity with which it whisks round, 
a ' patent revolving tool-holder ' is better known among 
workmen as a ' Jack-in-the-box,' or 'Jim Crow,' 

A planing machine of either of the above kinds is not 
unfrequently provided with a detached tool-holder in addition 
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to the one or two upon its cross- slide. This, when required, 
can be fixed to either of the side standards of the machine ; 
vertical and other portions of a piece of work which it 
would otherwise bediflliculttoplane, being readily accessible 
to a side-tool supported in this manner. The feed of a side- 
tool is generally given by hand, but in some instances this 
also is made self-acting by the introduction of an additional 
vertical screw, so arranged as to be capable of imparting to 
it a sliding motion upon the standard. 

In other cases, again, the side-tool is carried by an en- 
tirely independent standard, which is only connected with 
the body of the machine by transverse girders placed beneath 
the bed, the overhanging portions of which carry a side table 
upon which this separate standard is temporarily bolted. 
With this somewhat makeshift contrivance it becomes pos- 
sible to operate upon the sides or edges of articles of which 
the size is too great for the machine to admit them in the 
ordinary way ; the clear space between the side standards 
being under other circumstances the limiting dimension as 
lo width, and the distance between the tool and the table, 
when the cross-slide is fully raised, determining the height 
which can be admitted. 

A far better way of extending these limits appears to be 
a reversal of the present system- setting the tool in motion, 
together with the comparatively light mechanism required 
for its attachment and feed, and thus saving a large propor- 
tion of the power now uselessly expended in driving the 
t^le. For in planing small pieces of work, this mass, which 
is often very considerable, by requiring to be set in motion 
and again brought to rest at every stroke of the machine, 
consumes an altogether disproportionate amount of power ; 
whilst in the case of large articles, which are frequently only 
too ponderous in themselves, it tends still further to overtax 
the powers of the machine. 

Occasionally this reversal is practised in a makeshift 
kind of way with planing machines of the ordinary construe- 
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tion. An ' angle chuck ' of large size is affixed to the table 
in the manner in which articles to be planed are in general 
secured— namely, by passing bolts into the T-grooves with 
which its surface is provided^and to the vertical portion of 
this a horizontal slide carrying a tool-holder is attached. 
The work is laid alongside the bed of the machine, and is 
there kept stationary ; the width capable of being thus 
treated by the tool depending upon the distance to which 
the horizontal slide can be made to overhang the bed. This 
overhanging position of the tool, however, necessarily tends 
to cause the table to leave the grooves, and so to produce 
unsteadiness of cut. 

The dimensions which chiefly limit the applicability of 
an ordinary planing machine are the width between the 
standards and the height to which the cross-slide can be 
raised. The length of the bed and the extent of its traverse 
(or, in other words, the greatest length of cut which can be 
taken) should also be noted in stating the particulars of a 
planing machine ; though the former of these does not de- 
termine the length of the work which can be treated on it 
in the same rigid manner that the width and height are 
limited. But in general the length of the bed itself con- 
siderably exceeds the other limiting dimensions — a machine 
capable of admitting articles lo feet high or 10 feet wide 
having a bed about 36 feet long, upon which a cut of 
27 feet can be taken. The largest planing machine in Sir 
Joseph Whitworth's workshops is capable of taking a single 
cut 40 feet in length from any article not exceeding 12 feet 
by 12 feet The bed of this machine is 50 feet long — 
its grooves being probably the longest true surfaces which 
have ever been made. By the side of such a tool, that 
represented in the engraving, Fig. 226, would of course 
appear diminutive, but it is for that reason the better 
adapted for being brought within the very narrow compass 
of our page. The following are the particulars of it :— 
Length of bed, 14 feet ; greatest length of cut, 8 feet ; 
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greatest admissible height, 3 feet ; greatest admissible width, 
3 feet. 

For the purpose of admitting work of greater propor- 
tionate width, Duplex Planing Machines have been devised 
— two beds being fixed together side by side, each of which 
has an independent table. These can either be coupled 
together, so as to form a large single table, or ihey can be 
used separately, just as if they belonged to independent 



machines. These tools are sometimes provided with self- 
acting oiling apparatus, sufficient lubrication of the grooves 
on which the table slides being very important. In spite of 
the oil, however, the ' scored ' sta.te of the grooves in almost 
every large planing machine testifies to the great amount of 
friction which still exists between the sliding surfaces — 
although this might, in our opinion, be much reduced by 
the employment of some less fluid lubricant But to this 
subject we shall have to revert in a future chapter. At the 
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end of the bed in Fig. 226 a cistern may be observed, in 
■ which the oil is caught as it gets worked out of the grooves 
by the movement of the table, and from which it can be 
drawn off from time Co time. 

The difficulties attending the treatment of articles of 
great size or weight in planing machines with the ordinary 
moving tables, for the most part disappear when the con- 
struction shown in Fig. 233 is adopted. In this, which for 
distinction is called a VertUal and Horiiontal Planing Ma- 
thine, the work is kept stationary, so that the usual travers- 
ing table is entirely dispensed with, and is replaced by a 
simple fixed base-plate. The moving parts having thus the 
comparatively light duty of giving motion to the tool (or 
tools), there results a great reduction in their weight, with a 
proportionate saving in the power expended in driving the 
machine, notwithstanding its capacity for operating upon 
large or heavy articles being so much increased. And at 
the same time the space ^occupied by a planing machine of 
any stated capacity is largely reduced, which in itself is 
often a high recommendatioa In the machine represented 
in the engraving, a horizontal cut of any length up to 
16 feet, or a vertical cut of any height up to 9 feet, can be 
taken, but larger. sizes are used, in which either or both of 
these dimensions can be considerably exceeded. The feed 
and the traverse may be in either direction', and they are 
self-acting, and the vertical slide is provided with a quick 
return motion. 

In one variety of planing machine— the Edge Planing 
Machine — which is intended only for operating upon the 
edges of ivrought-iron and other plates, a similar system has 
been in use for a considerable time. Its principle consists 
in providing a fixed table of sufficient length to admit of the 
longest plate which has to he treated being held' down upon 
it. This can be done— even though there may be no avail- 
able holes in the plate itself — by fixing standards at the two 
^nds of the table, and placing a girder between them coQ- 
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taining a series of long screws, betweenMhe ends of which 
and the supporting surface the plate can be clipped. Parallel 
to the table, and running along its whole length, is a slide- 
face, upon which a long screw drives a carriage bearing a 
tool-holder, the motion of which can be reversed by a simple 
arrangement, at any required points. If the tool-holder be 
of the ordinary construction, increased speed is of course 
desirable during the backward journey, and, by running a 
crossed strap upon a puHey of smaller size than that by 
which the screw is driven, this is easily obtained, as pointed 

_L 
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out in another chapter (Chapter X.) ; but with the revolving 
tool-holder, which has been applied to these machines, and 
for which they seem to be very well adapted, no need for a 
quick return exists. In this way it is easy to see that a 
machine could be made capable of planing any length of 
edge which is likely to be required. 

Passing now from large planing machines to small ones, 
we find other methods available for jiroducing the motion 
of the Uble, which could not be applied when any con- 
siderable length of traverse is required. For this purpose 
— that is to say, for converting the rotary into rectilinear 
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motion — some fonn of crank will no doubt suggest itself 
to the student of mechanics ; and small planing machines 
have been made on this principle, the table being driven 
by means of a connecting-rod, from a pin in the face of S 
horizontal disc placed beneath it By altering the distance 
between this pin and the centre of the disc, the throw of 
the table could be adjusted. But to this arrangement there 
are two serious objections ; in the first place, it causes one- 
half of the time to be wasted, through the return stroke 
being neither accelerated nor made use of, and, secondly, 
there is a great variation of speed during each cut As a 
remedy for these evils the following method has been em- 
ployed :— A vertical disc (c. Fig. 234), having upon its fece 
an adjusUble pin (a), is so supported below the table as 
to form an overhanging crank. The circumference of the 
disc is toothed to enable it to be driven by a pinion, and 
in close proximity to its face is a slotted link (l), pivoted 
to the framing at its lower, and attached to the table by a 
short connecting-rod at its upper, end. The effect of causing 
the disc to revolve in the direction indicated by the axrow 
is thus to drive the table forwards powerfully, and at a 
slow speed, these conditions being reversed during its 
return. 

But for small work it appears to have been generally 
conceded for some time past that there is an advantage in 
giving the motion to the tool, rather than to the article to 
be treated by it. It is entirely on this principle that the 
work is performed by the instrumenta which we have 
, next to consider — namely, Shaping Machines. These 
are now amongst the most useful of engineers' tools, 
performing, as they do, an immense variety of minor opera- 
tions, which were formerly effected by hand-chipping and 
filing in a much less rapid and less satisfactory manner. 
Fig- ^35 shows a Bench Shaping Machine, which may be 
taken as a good representative of a class, amongst the 
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individual members of which even more than the usual 
amount of vaiiation may be found. 

The duties of these machines are twofold ; one of them 
being to render flat such surfaces of moderate size as from 
their position, or from other causes, could not be con- 
veniently treated in a planing machine ; the other, to work 
up any curved faces of which the radius (for the line of 
curvature must form part of the circumference of a circle) 
does not exceed a certain fixed limit 

And in connection with the first of these we may men- 
tion—and it should perhaps have been pointed out before 
— that witii planing machines in which the motion of the 
table is reversed by shifting the strap, the reversal does not 
take place with the exactness which is in some cases desir- 
able, as, for instance, in planing surfaces of which the ends 
are in close proximity to raised portions of the work — 
although there is always a balance -weight, so arranged as to 
prevent the strap from resting upon the idle pulley, and this 
tends to hasten the operation. This circumstance alone fre- 
(jueiitly gives the advantage to a shaping machine, in which 
the length of stroke allowed to the tool can be adjusted with 
the greatest nicety. 

In the machine shown in the engraving, the bed bears 
upon its upper surface a sliding head, capable of tra- 
versing its entire length. Upon the front of it — in addition 
to an arbor at the centre, with which we will not for the 
moment concern ourselves — there are two adjustable tables, 
for supporting the work, and for bringing it within range of 
the tool. The tool-holder in which this is fixed is carried 
by the head at the fonvard end of its large and powerful 
cross-slide, and to the sliding portion a reciprocating motion 
can be given by means of the link arrangement above de- 
scribed (Fig. 234). In this case, however, the disc is attached 
to the head, and the pinion is free to travel with it to any 
part of a horizontal back-shaft, upon the extremity of which 
is the conical driving-pulley. By altering the distance 
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between the pin (a, Fig. 234) and the centre of the disc, dif- 
ferent lengths of throw can be given, and by means of the 
large hexagon nut which appears at the top of the slide — 
which fonns the point of attachment of the connecting-rod 
belonging to the link— the position of the tool with respect 
to the front of the bed can be adjusted. With these 
arrangements, then, it is possible to plane up any flat surface 
which can be brought within reach of the tool, provided only 
that its width and its length do not exceed the maximum 
stroke of the cross-slide and the extreme traverse of the 
head respectively. And fcr this work the machine is made 
self-acting by merely giving an intermittent feed — derived 
from the back-shaft at the further end of the bed — to the 
screw by which motion is given to_the head. 




Flc sje.-Whilviwlh's Quick Return for Sliajring Machine. 

For producing curved surfaces, the work is attached to 
the central arbor, by being clipped between two cones in 
the manner shown in the engraving, or by any other con- 
venient means. The cap of a piston-rod is there represented 
in position for having the curved portions of the eye planed 
up concentrically with the hole which runs through it ; 
these — since they do not form a complete circle— being 
incapable of being turned in the lathe. Resting upon both 
the tables is a short girder, with an adjustment at ils centre 
for supporting the extremity of the arbor— -this as well as 
the arbor itself, being easily removable when reijuired. The 
curvature is produced by giving the feed-motion to the 
, .. Goo;,lc 
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arbor instead of to the head, the radius of th? curve being 
ruled by the distance from its centre at which the tool is 
set in the first instance. The greatest diameter of work 
which can be thus operated upon by this machine is 
12 inches, the maximum length of stroke — which equally 
regulates the width of surface which can be planed, whether 
it be flat or curved— being 1 3 inches. The greatest length 
of flat surface which it can treat is 4 feet i inch. 

The construction of the tool-box upon the cross-slide 
will be obvious to the reader who has followed the descrip- 
tion of that shown in Fig. 228, the chief point of difference 
between them being that in this case a tangent screw taking 
into the segment of a worm-wheel is substituted for the 
slotted hole and bolt by which inclination can be given to 
the tool in an ordinary planing machine. The object of these 
is to enable concave surfaces also to be planed, the work 
being kept at rest, and the feed given to the tool by means 
of a handle placed upon either end of the tangent screw. 

The stroke of the tool is not, however, by any means 
always produced in the manner mentioned above. In the 
case of small machines with a maximum stroke of not more 
than six inches, the additional complexity of the gearing 
required for giving increased speed during the return more 
than outweighs its advantages ; but, with the exception of 
these, the generality of them will he found to be worked by 
the following ingenious arrangement Upon a convenient 
part of the head is placed a spur-wheel (s, Fig. 236) capable 
of revolving freely upon a fixed overhanging shaft of large 
diameter. Through this shaft — but not concentric with it — 
runs a spindle, having upon its extremity a slotted arm (p), 
which it keeps in contact with the face of the wheel. Thus 
supported, each would be able to revolve independently of 
the other— the wheel upon its fixed shaft, and the arm 
round the axis of its spindle — but their revolutions would 
be eccentric to one another. But by forking the end of 
the arm and fixing a pin in the face of the wheel, they 
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are compelled to revolve together ; the velocity of the 
arm — if that of the wheel be uniform — varying constantly, 
as the pin which drives it, and the spindle which carries it, 
approach and recede from each other. A dovetailed groove 
at the opposite end of the arm, at any part of which the pin 
of the connecting rod (r) can be set, provides the requisite 
adjustment for the length of the stroke. 

Shaping machines are not unfrequently furnished with 
two heads as well as two tables, or an arbor and one table. 
Each part can then be used separately, and becomes to all 
intents and purposes a distinct tool, the bed alone being 
common to the twa A vertical face with y-grooves in it is 
sometimes a useful addition to the table. 



Fic 137. -Dbgrani of SeclLons af Planed Surfaces. 

The tools used in planing and in shaping machines 
resemble one another so closely that we have purposely 
deferred tbe few lines we have to devote to the former till the 
latter could also be included. In planing metal, as already 
mentioned, the general truth of the surface produced de- 
pends upon the accurate guidance of the work and of the 
tool, and not upon the form of the edge by which the 
individual cuts are made. This being so, a pointed or 
but slightly rounded tool is generally employed, the pre- 
ference being given to these — as in metal turning- on 
account of their combining great strength of form with 
facility in cutting. A series of grooves is the result, of 
Coo'^lc 
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which the curvature oi the extremity of the tool and the 
amount of feed determine the depth and the distance apart, 
the slight ridges between them being immaterial for many 
purposes. But when general flatness has been obtained in 
this manner, greater smoothness can be easily given to a 
surface, when required, by going over it a second time with 
a broad-edged tool which removes the ridges. Mr. W, F. 
Smith, of Manchester, has shown that greatly increased 
smoothness may be obtained in the first instance by using 
a tool with a loose cutter of circular section instead of the 
ordinary pointed tool 
The diagram (Fig. 237) 
shows the elTect of each, 
the vertical dotted lines 
indicating the amount of 
feed— nine cuts to the 
inch in each case. A 
drawing of one of these 
cutters with its holder iias 
been given in Fig. 199 
amongst the tools for 
turning metal, and what 
is there said about it 
applies equally whether it is used in the lathe or in the 
planing machine. 

Much resemblance may also be noticed between the 
turning-tools in Fig. 192, and those ordinarily used for 
planing and shaping which are given in Fig. 238. Of 
these the lirst, marked a, is the usual tool for roughing, its 
point being slightly rounded off, as appears in the preceding 
diagram. For smoothing, a tool resembling this, but having 
a broad straight edge instead of a point, is employed. Of 
the others, d is for under-cutting, and b and c are two kinds 
of parting tool which are used for making through cuts of as 
small width as possible, so that their edges are kept as 
narrow as is consistent with their own safety. In shaping 
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machines, right and left side-tools, similar to the turning- 
tools of the same name, are also sometimes employed. The 
cutting edge should be made in a line with the back of the 
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shank, as in a and h, Fig. 238, so that the tool may spring 
over the work rather than dig into it 

For many purposes Vertical Shaping Machines, or Slot- 
ting Machines as they are generally called, possess advan- 
tages over those just noticed, in which the travel of the tool 



262 Workshop Appliances. [Chap. 

is horizontal In principle these two classes of tools differ 
but little, each cut in either case being a copy of the straight 
Siding bed ; but in practice there are great differences be- 
tween them, shaping machines being for the most part some 
of the lightest and most delicate, whereas slotting machines 
are amongst the heaviest of ordinary workshop cutting- tools. 
To the much more arduous nature of their duties this tict 
bears testimony— that their driving apparatus is almost 
invariably either double- or treble -geared, the latter being 
by no means uncommon. 

The slotting or vertical shaping machine represented in 
Fig. 239 has gearing of the former kind, its framing and the 
Ubie below its slide for the support of the work having 
much resemblance to those of a drilling machine. Its 
capabilities are therefore estimated in a very similar manner, 
the maximum siioke of the slide, and the space between the 
point of the tool and the nearest vertical portion of the 
framing, ruling respectively the length of cut, and the distance 
from the edge of the work at which it can be made. In the 
present instance, the greatest possible length of stroke is 
13 inches, and the largest diameter of work in any part of 
which a cut can be given, is 4 feet 6 inches — half of this 
(i feet 3 inches) being therefore the distance between the 
tool and the framing. 

But a slotting machine must be able to accommodate 
itself to the performance of duties of a very varying cha- 
racter, for besides the ' slotting ' (or perhaps more properly 
the slitting) of circular holes so as to give them the elongated 
section from which these tools have obtained their name — 
which section, as we have seen, can now be produced by 
other means — they are employed for almost all the paring 
and shaping which is required in the treatment of work of a 
heavy description. Ready adjustability of the height of 
' the sliding-i)ar and of the length of its stroke is therefore 
essential, whilst a quick return is as desirable in this as in 
the other cases of single-acting tools which we have been 
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examining. In the present example the following provision 
is made lo supply these several wants, and also to impart 
to the table the requisite feed-motion, for it is evident that 
the construction does not admit of this being given to the 
tool. 

At the back of the vertical slide is a disc (d), having in 
its face a radial groove, in any part of which, by means of 
an adjusting- screw, a projecting stud can be set. Upon the 
amount of the eccentricity of this stud the length of the 
stroke of the machine depends, its motion being transmitted 
by a connecting-rod (c). This, however, is not attached to 
any fixed portion of the sliding-bar, but to a pin which can 



Fig. 340.-SeU-aclLag Geuing [or Slotling Machine. 

be moved upwards or downwards — also by means of an ad- 
justing-screw—in a long slotted hole in the upper part of it 
The hand-wheel at the end of this adjusting- screw appears 
in the engraving at the upper extremity of the sliding-bar, 
which can thus be readily raised or lowered. 

In order to render the speed faster in the upward than 
in the downward stroke the disc is not driven at a uniform 
speed. It receives its motion through the wheels marked 
ee', and these being elliptical instead of circular, so vary 
its velocity thai the speed which it imparts to the sliding-bar 
is slow and comparatively uniform whilst the tool is cutting; 
apd of greatly increased rapidity during the return stroke. 
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We have now only to examine the construction of the 
table and the arrangements by which its movements are 
made self-acting. These are clearly shown in Fig. 240 which 
represents in outUne the self-acting table of a slotting machine 
of somewhat larger size than that in the general view 
(Fig. 239), seen from the opposite side. 

The table is capable of receiving three separate hori- 
zontal movements ; a slide being so arranged that it can 
approach or recede from the standard, a cross-slide pro- 
viding for its travelling in a direction at right angles to this, 
and a pivot at its centre enabling it to revolve about its axis. 
The two slides — which together form what is termed a 
'compound slide' — are worked by screws in the ordinary 
way, and the table is turned by a worm taking into a worm- 
wheel immediately below it Ratchet wheels with double 
pawls are placed upon the ends of the two screws, and upon 
the shaft which carries the worm, so that any one of these 
can be made to receive an intermittent feed-motion in either 
direction by giving a reciprocating movement to the arms to 
which the pawls are attached. This movement they con- 
stantly receive from the shaft s, which is driven backwards 
and forwards through a portion of a revolution by the 
vertical rod r whenever the machine is in motion, r, in turn, 
derives its motion from a cam-groove on some convenient 
part of the driving-shafi of the tool-slide, its upper end 
being attached to a slotted link, by which the amount of its 
rise and fall — and consequently of the feed of the table — 
can be regulated. In Fig 239 a portion of the cam-groove 
can be seen on the face of the wheel e'. The manner in 
which the motion is imparted by the shaft s to the ratchet 
wheel u is sufficiently evident, and the expedient by which 
one of a pair of bevil-wheels can be made to slide to any 
part of its shaft whilst still sharing its rotation— which is 
here employed for giving a rocking motion to the lever t 
from the shaft s— must now be too familiar to the reader to 
need further description. In addition to these [notions the 
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tables of slotting machines are occasionally provided witli 
apparatus for enabling other curves to be cut Provision is 
also sometimes made for tilting the table instead of having 
its surface always horizontal. 

With respect to the tools for these machines, it is evident 
that some modification of the forms employed for planing 
and shaping is required to meet the 
altered conditions under which they are 
used ; one main point of difference 
being in the direction of the thrust upon 
them. Frequently it is necessary for a 
slotting tool to be able to work in a 
very limited space ; for instance, in 
cutting a key-bed in the boss of a wheel 
or in commencing a cut from any drilled 
hole. For such purposes a Parting-tool 

resembling that shown on the left-hand 

side in Fig. 241 must be employed, but &> . 

in most other cases the form of tool on i=:=j 

the right is more convenient This is 

called a Round-edge, a Diamond-point, I A 

or a Keyway-tool according to the shape p^^ 

of its cutting edge, the edge of the joois for siouing Machim!. 

parting-tool being also rounded when 

occasion requires it. Where, however, there is sufficient 

room the position of the tool is often reversed, the shank 
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being fixed below the bottom of the tool-slide instead of on 
the face of V. The Hook-tool shown below the other two in 
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Fig. 241, is intended to be used in this manner, and so 
also are the powerful Roughing and Finishingtools repre- 
sented in Fig. 341. 

This position of the tool admits -oi the introduction of 
the simple arrangement shown in Fig. 343, for preventing 
the possibility of the cutting edge being injured by coming 
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into contact with the work during the upward stroke, during 
which, if the tool encounters any resistance, the Sivivelling 
Tool-Holder yields by turning on its pivots. During the 
downward cut, on the other hand, the tool is as unyielding 
as if attached directly to the slide. 
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The larger sizes of the Vertical and Horizontal Planing 
Machine already noticed (Fig. 233) are provided with two 
such tool-holders placed side by side, so that two tools can 
be used at once. Important economy may sometimes result 
either from thus taking a rough and a finishing cut at one 
operation, or by ' stepping ' two roughing- tools, so that one 
shall follow the other. 
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An example of a tool in which the 'stepping' system is 
carried much further is the Stepped Key-way Cutler Bar 
(Fig. 244), by which a finished groove is cut in the boss of 
a cast-iron wheel by once passing the tool through it In 
this each cutter is formed from a separately adjustable piece 
of steel. Tools with loose cutters have also been applied to 
ordinary planing, shaping, and slotting. Two forms of recent 
introduction are shown in Fig. 245. 

In the foregoing Planing, ^Shaping, and Slotting Ma- 
chines, straight cms only can be taken, the traverse of the 
tool being in every in- 
stance controlled by the 
straight slide to which it 
is attached. Some of 
these, as we have seen, 
can be so arranged that 
the self-acting feed-mo- 
tion shall place successive 
cuts in a circular path, 
instead of in a straight 
one, so that within certain 
limits they can be used 
for surfaces curved in one 
direction, and to a uni- 
form radius ; but working 
to irregular curves can in 
general only be accom- 
plished with them by very careful hand-feeding. And for 
surfaces curved in more than one direction these machines 
cannot be used without the addition of special apparatus. 

But the inventive powers of the designers of machine- 
tcols have proved quite equal to fulfilling these requirements 
by other means. Copying machines, many varieties of 
which are now made, enable articles to be shaped— either 
automatically, or with but very slight alteration on the part 
of the workman— even though they may possess considerable 
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irregularity of outline. This is effected by transferring the 
desired curve from a previously prepared template. 

The Edge-Milling or Contouring Machine (Fig. 246) is a 
good example of this class of tooL It will be seen to con- 
sist mainly of a compound slide arranged vertically over a 
small Cable, to which a slow traversing motion can be given. 
The vertical ponion of the slide carries on the left-hand 
side a revolving spindle, the lower end of which receives the 
tool, and on the right a fixed tracer. The piece of work to 
be operated upon and the template to serve as a pattern for 
it being secured side by side on the face of the table, a slow 
traverse is given to them by means of the hand-v.-heel on 




the left of the table. Meanwhile the tracer is kept in 
contact with the template by a weight acting upon the 
horizontal slide, and the slide, tracer, and tool being thus 
compelled to follow the outline of the template, this outline 
is reproduced upon the work in hand. In a simDar manner 
vertical contours can be copied by the vertical slide, or in 
some cases the two can be made to act simultaneously. 

By securing similarity (and therefore interchangeability) 
in a series of copies made in this manner from any cam 
or other difficult portion of machinery, these machines 
prove their utility in perhaps the most legitimate way ; but 
they can often be advantageously used also without tem- 
plates, for facing small flat surfaces, &c Revolving or 
Milling-tools seem, indeed, to be yearly coming more into 
favour, and in very many instances ' Milling Machines ' now 
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render unnecessary the use of hand-files in the operations 
of ' fitting ' or ' finishing.' 

The cutting portion of a plain Edge Milling Tool adapted 
for use with the Contouring Machine, Fig. 246, is shown in 
Fig. 247, and in Fig. 248 is a moulded cutter of a similar 
kind. But the tools are varied considerably both as to form 
and size, according to the requirements of each case. Some- 
times flat cutters, as Fig 249, may be substituted for circular 
ones, or the cutting portion may be in one piece with the 
shank. Others, again, are made from discs of steel brdught 
to a suitable outline at the edge, after the manner of the 
cutter for finishing wheel teeth, Fig. 250. 

Sharpening tools of this class is a work of some difficulty, 
the necessity for keeping the entire series of cutting-edges 
similar in form and equally 
distant from the centre, ren- 
dering it especially so in 
the case of such tools as 
Fig. 250, in which the 
cur\-ed outer faces must he 
ground. When the grind- 
ing can be confined to the 
radial faces— as in Fig. 248 
— the operation is less diffi- 
cult 

The requisite uniform- 
ity however — secured in 
the first instance by forming 
the teeth of such cutters p 
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cially arranged for the pur- 
pose — can in either case be maintained by the employment 
of Cutter Sharpening Machines. In these the grinding is 
done by means of small emery wheels, of the use of which 
in treating hardened steel some exami)les will be found in a 
subsequent chapter. 
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CHAPTER IX. 

ON PUNCHING AND SHEARING MACHINEKy. 

The peculiar action of hand punching and shearing tools 
has already been pointed out Machine tools acting in a 
similar manner are brgely used for operating upon metal 
plates and bars of greater substance. Hand shears, for 
instance, can with difficulty cut through an iron plate ^th 
of an inch thick, whereas the blades of a shearing machine 



Fig. );i. -Hydraulic Pear. 

will pass through one as much as an inch and a half in 
thickness, and will do so with a rapidity and an appearanct 
oi ease which give but little idea of the power actually 
expended 

Before noticing the stationary tools in which heavy work 
of this kind is chiefly done, and in which punches and shears 
are freqiiently associated together in the same machine, we 
should mention some portable forms which, like the punch- 
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ing bear (Fig. 94), occupy a sort of debateable ground 
between hand tools and the present class. These are gener- 
ally arranged either for punching only, or for shearing only, 
and as they depend upon the continued application of the 
small force obtainable from the human arm, their operations 
are necessarily slow. The principle of the hydraulic press 
has been very successfully applied to these portable punches 
and shears. 

Fig. 251 represents a Hydraulic Bear, with which holes 
of as much as i;^ inch in diameter can be punched in 
wrought iron i inch in thickness, 
by the power of only one man. 
Its form will be seen to bear a 
general resemblance to that of 
the screw -punching bear (Fig. 
94). Into the action of the hy- 
draulic press we cannot here 
enter fully, but the general con- 
struction of this tool will be 
easily understood from Fig. 252. 
In this, which is a vertical sec- 
tion through i:, a is a cistern 
containing a supply of water, c 
is the plunger of the force-pump 
D, and B the lever by which it is 

worked. E U the inlet-valve by f"'- "J—Se^™-* Hydraulic 
which water enters the pump 

when the plunger is raised, an outlet-valve at the foot of 
this allowing it to pass into the cylinder f on the descent 
of the plunger. In the cylinder f is the ram, h, which has 
a cupped leather packing at its upper, and the punch at its 
lower end. l is a lever for raising the ram, and so with- 
drawing the punch from the hole which has been made 
by it. The student will be aware that (friction neglected) 
the pressure exerted by the ram exceeds that applied to the 
plunger inversely in the proportion which the area of the 
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latter bears to that of the fonner ; so that if, for example, 
their diameters be half an inch and five inches respectively 
a pressure of one ton on the plunger will give loo tons on 
the ram. 

Besides the punching bear given in Fig. 251, other forms 
of hydraulic punch, both portable and stationary, are to be 
met with. When an 'open mouth' is unnecessary, as in 
punching the webs of rails, &c, a more advantageous dis- 
position of the metal of the framing in the neighbourhood 
of the punch becomes possible, the vertical portion being 
made in two parts, and the rail or bar which is to be 
punched being passed between 
them, the arrangement being 
known as the 'close mouth.' 

The Portable Hydraidu 

Shears (Fig 253) have a close 

mouth; but in all other main 

points this too! is similar to the 

punching bear just described. 

The lever for raising the ram is 

omitted in the figure, its position, 

when in use, being on the spindle 

A, During this operation the 

screw immediately below the 

Fig. =53.- Poiialiie Hydraulic pump-Ievcr is slackened, a stop- 

™"' valve in connection with it then 

allowing the water in the cylinder to pass back into the cistern. 

Hand-punching may also be performed, and in a much 

more rapid manner, by means of a Fly Press, such as Fig. 

254, which, at first sight, might be thought actually togiveofi 

more power than had been applied to it— a result which 

every student of mechanics knows to be an absolute ini- 

l>ossibility. One of these instruments may be occasionally 

seen, mounted on a ' trolley,' by the side of our lines of 

railway, with which two men are able to punch a hole 

nearly an inch in diameter through the ' web ' of a rail 
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perhaps three-quarters of an inch in thickness. The 
explanation of its action Ues in its power of accumulating 
the force appHed to it, which, although in itself it may be 
small, is continued for a sufficient time to produce these 
apparently disproportionate results. The fly— which gener- 
ally consists of two heavy balls of meUl at the ex- 
tremities of the lever of the press— is gradually brought 
firom a sUi£ of rest to one of rapid motion by continued 
effort on the part of the workmen— the maintenance of its 
speed being assisted by its descent, due to the revolution of 
the screw. But, inasmuch as it parts with the whole of its 







momentum almost instantaneously on the punch coming 
into contact with the rail, the results are proportionate to the 
force and the length of time expended in bringing the fly to 
its fell speed, and not to the duration of its performance. 

In stamping coins, and some .other processes which are 
rather beyond our limits, fly presses of much greater size 
and power are employed, the recoil — when the motion is 
quite suddenly arrested, as it frequently is in such cases 
— being sufficient to raise the screw to its original position. 

Passing now to the stationary forms of punching and 
shearing machines, which belong more properly to our sub- 
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ject, the first which claims our attention is the Lever Punch- 
ing Machine, of which an outline diagram is given in 
Fig. 255. Although one of the earliest and simplest of these 
machines, it possesses certain advantages over the some- 
what neater arrangements presently ■ to be noticed, which 
have caused it to be generally preferred by boiler makers 
and others, to whom an efficient punching machine is an 
essential. Its construction will be easily understood from 
the engraving. The punch is attached to the lower end of 
a guide-bar, which is connected with the shorter arm of its 
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powerful lever, so as to rise and fall with it The longer 
arm of this lever — which carries a roller at its extremity — 
rests upon the edge of a slowly revolving cam — its motion 
being derived from the fly-wheel shaft by means of a spur- 
wheel and small pinion. ' It will thus be seen that the 
revolution of the cam, and, consequently, the motion of the 
lever, cannot be arrested without also bringing the fly-wheel 
to rest. Its momentum is therefore available for overcoming 
any resistance which the punch may encounter. After 
each descent the punch is raised by the mere weight of the 
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longer arm of the lever. The following advant^es accrue 
from regulating the motions of the punch by a cam, instead 
of by an eccentric, as in the machines described below. 
In the first place, it follows that the descent of the punch 
can be made perfectly uniform ; andly, that its return can 
be accelerated to any required extent ; and, 3rdly, that by 
causing it to remain perfectly stationary between the end of 
one stroke and the commencement of the next— for which 
it is merely necessary for a portion of the cam to be made 
concentric— ample time can be given for the workman to 
place the plate correctly. 

We have already called attention to the hollow cast- 
iron frames which are now generally to be met with in 
machine-tools. In the case of punching machines they 
are required to be of unusual strength to resist the severe 
strain due to the passage of the punch through the plate. 
This is secured by forming at the working end of the 
frame a powerful fixed jaw, lo the upper part of which the 
lever is centred, the bolster or die being placed upon the 
Itwer part The distance between the inside of this jaw 
and the centre of the punch is an important factor in de- 
termining the useful qualities of these machines, since it 
limits the distance from the edge of a plate at which any 
hole can be punched by them. But every increase in this 
distance requires that much more than an equal increment 
of strength be given to the jaw. 

Above the lever, at a short distance from its fulcrum, a 
pair of knives may be observed in Fig. 255, an addition 
which enables this machine to be used also for shearing 
when required. Their position, however, is by no means a 
convenient one, the most advantageous height for them 
being that occupied In this instance by the punch and die. 
Some machines of this kind, indeed, are made for shearing 
only, in which case knives are substituted for the punch and 
die, the upper one being worked by the lever and cam in 
the manner shown in the diagram ; and it must be con- 
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fessed that the arguments in favour of this method of driving 
are as forcible for shearing as for punching. 

A combined punching and shearing machine is shown in 
Fig. 256, which, whilst it possesses much of the compact- 
ness of appearance of those on the eccentric system next to 
be described, retains the advantages of the cams and levers 
already mentioned. The shears are placed on the same 
level as the punch, but at the opposite extremity of the 
machine, so that the framing has in this case a jaw at each 
end, the two independent levers by which they are worked 
being within the hollow of the framing. The cams by which 
motion is given to the levers are fixed upon the spindle of a 
large-sized spur-wheel (shown by dotted lines in the en- 
graving), which is driven by a small pinion on the fly-wheel 
shaft ; and since the greatest radius of the one cam is on 
the same side of the shaft as the smallest radius of the 
other, each lever is raised alternately. By this arrangement 
it becomes impossible to put an undue strain upon the 
machine by attempting to use it for both punching and 
shearing at ihe same moment It may be observed that 
there are several points of difference between the cam and 
lever of the single-ended machine and those of the com- 
bined machine which we are now discussing. In the present 
instance the cams do not act upon the extremities of the 
longer arms of the levers—which they could not do without 
considerable addition to the total length of the machine. 
Consequently the power obtained is proportionately reduced. 

In Fig. 257, which represents a partial section of the 
punching end of one of these combined machines, some 
further points of difference may be noticed— amongst others 
the transference of the friction roller from the long arm of 
the lever e to the portion b of the cam c, at which the 
greatest pressure is exerted, and the insertion of the nose or 
short arm into a recess in the slide which carries the punch, 
instead of their connection being established by separate 
links. One great advantage of this is the facility which it 
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aflbids for throwing the punch out of gear, in the manner 
explained below. To ensure the' weight of the lever being 
competent to withdraw the punch and to raise the slide, its 
length is made much more than sufficient to reach the cam 
at the centre of the machine. One other portion of this 
toot demands a few words of explanation, viz. the projection 
which appears in Fig. 256, extending downwards from the 
centre at an angle of 45°. Near its lower extremity an 




L-shaped opening may be noticed. In this is a pair of shears 
adapted for cutting bars of angle iron, the upper knife being 
driven by an eccentric at the end of the shaft which carries 
the spur-wheel and cams. But the inferiority of this method 
of driving will be shown in connection with the punching 
and shearing machine, which we have next to describe. For 
cutting other sections of rolled iron various other forms of 
knife are employed. 

Fig. 258 shows a combined Punching and Shearing 
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Machine, in which both the shears and the punch are 
worked by eccentrics ; the compact form which can be 
given to the framing of machines of this kind contrasting 
very favourably with those of the lever punches and shears 
which we have been discussing. Within the hollow framing 
is a strong horizontal shaft, upon which is fixed the large 
and powerfiil spur-wheel which appears in the centre of the 
figure. At the extremities of this shaft are eccentrics con- 
nected with the upper knife of the shears and the punch 
respectively, one of them always rising during the descent of 
the other. The manner in which the vertical movement of 
the slides to which the punch and the knife are attached, is 
obtained from these eccentrics is slightly dissimilar, owing to 
the difference in their respective requirements. The shear- 
blade is attached to the pin of the eccentric by means of 
a link (the upper joint of which can be seen in the en- 
graving), so that it rises and falls at every revolution of the 
shaf^ and can never be disconnected from it For in the 
case of shears this is never required, although for a 
punch it is a great desideratuia A slight modification at 
the punching end of the machine enables the connection to 
be instantly broken and as quickly re-established The link 
is not perforated at both ends, as before, but the lower end 
is hiade to drive the punch by simply pressing downwards 
upmn a projecting portion at the centre of the slide, with 
which it only comes into contact when its lower extremity 
is central. A handle at the end of the machine enables the 
link to be turned aside so as to miss the projection during 
its descent, so that the punch remains at the top of its tra- 
verse—a weighted lever, working on the centre which appears 
in the figure above the jaw, continually retaining it in that 
position when it is disconnected from the link. A lever 
punch, however, admits of still more simple means being 
employed for this purpose. The opening in the slide, into 
which the nose of the lever is inserted, is made of sufficient 
length to admit not only the lever, but also a loose piece, or 
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' block,' which can be slipped in below the lever through 
an opening in the framing. This block appears in both the 
outline elevation (Fig. 356) and the section (Fig. 257). On 
the punch in its descent coining into contact with the work. 



Fic. 158.— Douhlt-GHred PunchLnj wk) Sharing Muchine. 

the block, when in position, transmits the downward pres- 
sure of the lever to the slide, whence it passes to the punch. 
When, however, the block is withdrawn, the slide merely 
falls by t(s own weight, the punch descending and resting 
upon the work till it is again raised by the lever. 
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But two other points remain to be noticed in F^. 35*8, 
although they must not be supposed to be peculiar to this 
class of machine. One of these is the vertical plane of the 
shear-knives, which is not at right angles, but greatly iti- 
clined to the sides of the framing, and to the axis of the 
eccentric shaft. This is dwie with the object of enabling 
them to cross-cut bars or plates of any length, provided 
only that they are of small width. If placed square with 
the framing, the depth of the jaw would of course limit the 
distance from the end or edge of a plate at which the shears 
could operate, as already pointed out with reference to punch- 
ing The other point is, that the fit of the slides— on the 
freedom and steadiness of whose motion so much depends — 
can be adjusted by means of setting-up screws, five of which 
appear in the engraving at feach end of the machine. 

Some single-ended machines are also constructed on the 
eccentric principle, a single slide being then made to do 
double duty, having the punch attached to its lower, and 
the bottom sheai-knife to its upper end. 

Briefly suted, Ihe requirements of a punching and, to 
some extent also, of a shearing machine are that the 
motion of the punch or knife shall be slow and uniform 
whilst cutting, quick during its return, and that the in- 
terval of rest shall bear as large a proportion as possible 
to the time occupied by the stroke. These, as we have 
already mentioned, are well fulfilled by a properly shaped 
cam and lever, whereas the eccentric gives us variable 
and similar motions during both the upward and the 
downward stroke, and commences its return imme- 
diately on arriving at the end of its traverse. The last, 
indeed, is a much more weighty objection to this applica- 
tion of the eccentric than might at first be supposed, since 
the accuracy of the position of holes punched in the ordi- 
nary manner (which are merely set out with a template by a 
kind of stencilling process) depends solely upon the plate 
being correctly placed by the workman, and the shorter the 
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interval at his disposal for the purpose, the greater is the 
lisk of error. The superiority of well- constructed lever 
machines in this respect may be gathered from the fact that 
on this system it has been found possible to keep the punch 
absolutely at rest during one-half of each revolution of the 
cam, thereby enabling the number of strokes in a given time 
to be made one-third greater than would be attainable in an 
eccentric machine, without curtailing the interval for placing 
the work 

To obtain more perfect correspondence between the 
holes in any two or more plates than is possible when the 
marks which denote their position are brought separately 
under the punch by hand, the late Mr, Henry Maudslay 
many years ago introduced a system of MultipU-Funching. 
rhe machines for this purpose, some of which have remained 
in use to the present time, bore a general resemblance to 
Fig. zss. the required motion, however, being imparted to 
the lever by a pair of toothed elliptical wheels, one of whic> 
occupied the position of the cam, and the other that of the 
roller. A series of punches were arranged in line at the 
lower end of the vertical slide, excessive strain upon the 
machine being prevented by making them of different 
lengths, so that they acted in succession, instead of at the 
same moment. A self-acting 'dividing table,' by which 
the plate was moved through the correct distance after each 
stroke of the machine, enabled greatly increased accuracy 
of ' pitch ' for distance from centre to centre) to be given 
to any series of holes. Single punching machines with 
self-acting tables are also made, and they appear to have 
much to recommend them. Other machines, with still 
greater capabilities and of correspondingly greater complica- 
tion, have been devised, in some of which several rows of 
holes of equal pitch can be punched simultaneously ; in 
others— or at least in one, the ' Jacquard Machine,' invented 
by Mr. R. Roberts of Manchester — any arbitrary arrange- 
ment of holes can be produced. But these are rarely to be 
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met with, and therefore do not demand special notice 
here. ' 

The Hydraulic System, which, as we have seen, is used 
for several kinds of hand-worked punches and shears, 
is applied also — and with excellent results — to lai^e sta- 
tionary punching and shearing machines, not at all inferior 
in power to those just described. For these, i 



Fig. 939. - Hydraulic Shearing Machine. 

with forging, riveting, and other machinery, in the action of 
which the time occupied has an important effect upon the 
result, the powerful sustained pressure thus obtainable seems 
to be eminently well adapted. 

Fig. ZS9 shows a Hydraulic Shearing Machine with 
B- clearness which almost renders an explanation of 11 
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unnecessary. The upper knife is fixed to the base of a ram 
working i« a hydraulic cylinder. The starting lever, on being 
moved by hand or by the treadle, opens the inlet valve, admits 
water to the cylinder, and forces down the ram. At the end 
of the stroke — which can be varied as to length— the outlet 
valve is opened automatically, and the ram returns to its former 
position. A machine of this kind, being entirely independent 
of shafting and belts, can be placed if necessary at a great 
distance from the accumulator from which its power is drawn, 
with which a line of piping forms its only o 
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Special machines have been constructed for shearing the 
edges of boiler and other plates with greater speed and 
precision than is possible with the preceding machines, in 
which long cuts can only be produced by combining a 
number of short ones — the placing of the plate sufficiently 
correctly to ensure each one of the scries forming part of the 
same straight line being no easy task. In these the length of 
the knives is made to exceed or at least to equal the length 
of the plate, which amounts in some instances to lo feet and 
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upwards. With such machines a single cut can be taken 
from the whole length of the plate, and in point of straight- 
ness it is of course far superior to any producible in those 
previously mentioned, in which 18 or 20 inches is the 
maximum length of the knives. 

With the Circular Shears, invented by Mr. Roberts of 
Manchester, of which Fig.. 260 is an example, cuts of un- 
limited length can be takea The knives are made from 
circular discs of steel— as shown in the left-hand corner of 
the figure— and they are driven in opposite directions 
The fact that they can be used for curved as well as 
for straight cuts frequently gives them the advantage over 
ordinary shears. In the manufacture of tubes, and for 
other purposes for which long lengths of sheet metal are 
required, they are very largely used, and they are also 
occasionally made for cutting plates up to as much as an 
inch in thickness. Where large quantities of sheet metal 
have to be cut into strips, a number of these revolving 
shears are mounted on one pair of spindles, so that a sheet 
in being passed between them is cut up at a single operation, 
the distance between the adjacent pairs of cutters regulating 
the width of the strips. 

The capabilities of some of the punching and shearing 
machines in the above engravings are as follows ; — 

The hydraulic bear (Fig. 251) is capable of punching a 
hole ij inch in diameter through a i-inch plate, provided 
that its centre is not more than if inch fix)m the edge, 
With the hydraulic shears (Fig. 253), bars of any length up 
to either 3 inches square, or 4 inches wide by j of an inch 
thick, can be cut 

The lever machine (Fig. 255) is adapted for punching 
holes 1 inch in diameter through J-inch plate at any dis- 
tance not exceeding 18^ inches from the edge, and for 
shearing J-inch plates up to 17} inches from the edge. 

Fig- 2561 the double-lever machine, may be used for 

D,g,r,z»-i b, Google 



286 Workshop Appliances. (Chap. 

punching i^-Jnch holes, in | inch plate, and for shearing 
plates % inch in thickness — the greatest practicable distance 
from the edge being 12 inches in each case. 

The eccentric machine (Fig. 258) may be used for either 
punching or shearing plates ij inch in thickness at a 
distance of 18 inches from their edges, provided that the 
punch does not exceed i^ inch in diameter. 

The speed at which holes can be punched with machines 
such as these varies from 8 or 10 holes per minute for their 
heaviest work, to about 15 per minute when the work is 
light This more than equals the performances of the most 
rapid of the other machines available for perforating iron 
plates, &c., viz. the multiple drilling machine. Nevertheless 
the tendency in modem engineering work — to vhich our 
remarks chiefly apply — is rather to diminish than to extend 
the use of punching machines, and, in many cases for which 
they would formerly have been preferred, to abandon them 
in favour of the slower but more accurate process of drilling. 

Punching machinery is largely used in many manu- 
fectures which are outside our subject, some of which are^ 
however, of great mechanical interest — as, for example, the 
process of perforating zinc, &c, with Larivibre's machine, 
by which three rows of perforations, containing soraehundreds 
of holes, are made simultaneously. For most purposes, 
indeed, for which it is necessary at a single operation to 
pierce holes which are not circular, recourse must be had to 
punches and dies, with which those of the most complex 
forms can be produced with nearly as much facility as pan 
simple circles, ovals, or squares. Three examples of patterns 
thus produced in perforated zinc are given in Fig. 261. 

The fact of the metal removed by a punch and die being 
in one solid piece or ' burr,' instead of being frittered away 
in shavings, is also turned to useful account in numberless 
manufacturing processes—' blanks' for coins, buttons, per- 
cussion caps, steel pens, the wheels and other portions of 
cheap clocks, and an endless variety of small metal objects 
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of daily occurrence being made in this way. For some 
purposes, indeed, articles of much larger size are reduced 
to their proper shape in this manner. The axle-guards for 
railway carriages are a case in point, which, although they 
measure some 2 feet in height and exceed a foot in width, 
are cut at a single stroke from iron plates J of an inch thick 
by a species of punching or shearing machine— for in such 
cases it becomes difficult to say under which head it should 
be included. But such processes are not usually in much 
favour in mechanical workshops. Still less are those in 
which a single hollowed cutting- punch is used, instead of the 
solid one with a corresponding die, which is the form em- 
ployed in all the machines which we have been describing. 
The others are chiefly used for; soft materials ; but a modi- 
fication of them, in which two corresponding punches, with 




strong cutting edges, are forcibly driven from opposite sides 
into a sheet or thin plate of metal, has been of late years 
gaining ground in the manufacture of small articles, though 
we are not aware that it has yet extended into the practice of 
the engineer. 

Before quitting the subject of punching machinery, one 
or two points in connection with the aforesaid dies and 
punches should be briefly noticed, inasmuch as the quality 
of the work performed by any punching machine is in the 
highest degree dependent upon the form and proportions 
of the punch and die. The use of the latter was explained 
in a former chapter (Chap. III.), and its general appearance 
and the means of adjusting it, so as to ensure its being in 
every instance concentric with the punch, will probably have 
been observed in the preceding engravings, although tha 
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attention of the reader has not befoie been directly called 
to it" In the hydraulic bear, for instance, a cast-steel ring 
forms the die (or ' bolster,' as it is not unfrequently called 
in the case of the smaller punching instruments), and it is 
kept concentric with the punch by being turned on the out- 
side, so as to fit into a recess in the cast-iron jaw. But in 
the larger machines it is found more convenient to widen 
out the base of the die, and merely to let it rest upon the 
flat surface of the jaw, its position being regulated by three 




Fig, j«a. -SwUon of Punch aod Die. 

or four screws working in fixed lugs, or by some other 
simple adjustment. Some makers transfer this adjustment 
to a separate bolster, into the upper part of which a small 
die is fitted, an arrangement which does not necessitate so 
great an expenditure of steel. But, whatever may be the 
external form of the die, a central perforation extends com- 
pletely through it in all cases, and it is upon the internal 
proportions of this that its efficiency depends. The upper 
part of the aperture is cylindrical ; the lower being tapered, 
as the accompanying section of a die and bolster (Fig, 262) 
shows. The parallel portion can then be sharpened by 
grinding its upper surface, as the angles become rounded by 
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use, without altering the size of the hole, whilst the tapered 
continuation of the hole allows the burr which is punched 
out to fall freely through by its own weight— an opening 
being cast in the jaw just below the die, so that it drops out 
.altt^ether clear of the machine. 

For the actual size of the cylindrical portion of the die 
as compared with that of the punch, we can, however, give 
no definite rule The evils more or less incidental to all 



punched holes- namely, their form being conical instead of 
cylindrical, and their sides ragged instead of smooth — 
become greater with every proportionate increase in the 
size of the die. But, on the other hand, the reduction of 
the clearance to the lowest possible limit consistent with the 
free passage of (he punch, though it reduces these evils, may 
perhaps increase the weakening of the surrounding metal, 
to which steel appears to be especially subject. Frequently 
the diameter of the aperture in the die is made to exceed 
by one-sixteenth part the diameter of the punch ; but, when 
it is required to give a more conical form to the holes pro- 
duced, this difference is increased. In the generality of 
holes for rivets, and for most ordinary purposes, the conical 
form is a very great disadvantage, although cases do occur 
in which it is even beneficial — as, for instance, in the altach- 
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ment of two plates only by means of rivets, when the hole 
in each plate has been punched outwards, each hole being 
in this way roughly countersunk. Another objection to 
punched holes is the rounding of their upper edges, which 
takes place on account of the compression of the iron before 
the punch begins to tear apart its fibres. This is especially 
the case with thick plates, and for this, even if for no other 
reason, they are much less fit subjects for punching than 
those which are thin. Fig. 263, which is taken from an 
ordinary wrought-iron plate, punched and subsequently split, 
shows both of these defects to some extent, and also the 
roughness of the sides of the punched hole and burr and 
of the edge of the plate, the latter having been cut with a 
shearing machine such as Fig. 258. , 

The action of punches has been recently investigated by 
M, Tresca in connection with the ' Flow of Solids,' and he 
has shown conclusively that even in the case of cold iron 
some of the metal flows from the burr into the surrounding 
portions, thus reducing its height to a certain and a cal- 
culable extent. His excellent papers on this subject, printed 
in the Transactions of the Institution of Mechanical En- 
gineers, are well worthy of the attention of every one who is 
inierested in the successful working of metals, either in the 
solid or the plastic condition. 

With respect to the punch itself the usual practice is to 
use it only upon plates of which the thickness does not 
exceed its own diameter, though by taking special precau- 
tions small holes have been punched in wrought iron of 
which the thickness is as much as four times their diameter. 
The very slightly tapered form, shown in Fig. 262, is almost 
universally given, in order to diminish its friction against 
the.sides of the hole. Inclining its face slightly (at from 
3° to 5°), instead of making it horizontal, is by no means so 
prevalent a practice, though it has the advantage of bringing 
the pressure more gradually upon the machine than is the 
case when the work is commenced at all parts of the circum- 
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ference at the same moment With the same object it has 
been recommended to give a spiral form to the end of the 
punch, in the manner shown in Fig. 264. This, however, 
has the effect of spoiling the burr, which may sometimes be 
a disadvantage. 

That the pressure is very considerable, even in punching 
holes of moderate size, may be gathered from the feet that 
it is found to be very nearly equal to the tensile strength of 
a bar, the area of whose cross section is the same as the 
area of the sides of the hole. Thus, 

in punching a hole i inch in diameter 

through a wrought-iron plate 1 inch 

in thickness, the pressure required was 

slightly more than 77 tons, which 

divided by 3-i4 (the area of the sides 

of the hole)=24'6 tons per square 

inch, which corresponds very closely 

with the ultimate tensile strength of fic iftt. 

wrought iron of average quality. In SpLrai punch. 

some experiments by Mr. Hick of 

Bolton, this rule was found approximately to hold good, 

even when the diameter of the punch was increased to 

8 inches, and the thickness of the plate to 3^ inches, the 

pressure then required being 2,000 tons ; and that it applies 

as well to shearing as to punching, provided that the edges 

of the knives are parallel, is also borne out by the facts given 

by Mr. Anderson in another volume of this series.' 

In spite of its tapered form, a punch shows much re- 
luctance to quit the hole it has made in any plate or bar, 
preferring to lift it during its own ascent, unless the weight 
be excessive. This tendency is resisted by affixing to the 
upper -part of the jaw a 'guard' or 'puUer-off,' of which the 
lower face is at least as low as the face of the punch when, 
it is in its highest position. This puller-off is generally of 

t, by John Anderson, 
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wrought iron, although a portion of the cast-iron framing 
is occasionally made to serve the purpose. Its position 
can be seen in each of the machines of which engravings 
have been given. 

With regard to the knives of shearing machines, no very 
general rule seems to obtain — at least as far as the angle 
at which each knife is sharpened is concerned. In most 
instances the lower knife is ground to the same angle as the 
upper, but in some its edge is made square, that of the 
upper one being slightly acute. The actual angle which 
gives the best results varies with the hardness of the mate- 
rials, 75° being about the minimum in the case of wrought 
iron and steel. Much greater uniformity of practice exists 
in the angle at which one edge of a pair of shear-knives is 
inclined to the other, by which they are made to bring a 
gradual instead of a sudden strain upon the machine. This 
angle is generally from 3° to 8°, according to the length of 
the blades, the whole of the obliquity being given to the 
upper knife, whether the construction of the machine de- 
mands that the motion should be imparled to that or to the 
lower one, of which the edge is horizontal The lower knife 
thus forms a guide for the plate which is to be cut ; for, by 
letting it rest fairly upon the edge, the workman is enabled 
without difficulty to keep it level in the direction of the cut. 
To assist him in also keeping it approximately level in the 
opposite direction, an adjustable finger, attached to the upper 
]iart of the framing, has been applied. It may be seen on 
the left-hand side of the machine represented in Fig. 256. 
With this it becomes impossible for the plate to be sud- 
denly tilted up when the pressure comes upon it, or for the 
workman to raise its outer extremity to such an extent as to 
cause it to become jammed between the knives instead of 
being cut, from which breakage of the knives and damage 
to the machine occasionally result, and of which there is 
always some danger if the contact between the edges of the 
knives be imperfect 
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CHAPTER X. 

I MOTIVE POWER TO 



The Machine Tools al which we have glanced in ihe pre- 
ceding pages, in almost all cases derive from some inde- 
pendent prime mover the motive power which enables them 
to perform their allotted tasks. One or two which have been 
mentioned— as, for instance, hydraulic punching and shear- 
ing machines— and many which are outside our subject — 
such as steam hammers— contain within themselves the mo- 
tors by which they are driven, so that in their case the power 
can be directly applied through the medium of steam or 
water. But for others provision must be made for trans- 
mitting the power from the steam-engine, or other prime 
mover, to the tool in which it is to be applied ; the method 
almost invariably preferred for doing this when the distance 
is small — as in engineering workshops— being the employ- 
ment of Shafting and £elts. 

The diagram, Fig. 265, shows in plan and section a small 
portion of a workshop in which the power has to be laid 
on, as it were, from the engine e to the lathe L and the 
grindstone g. 

In effecting this, the first step is to set up a main line of 
shafting, s, in any convenient position where the wall of the 
building, or the columns which support the roof (which are 
marked c, c in the present diagram) offer facilities for sup- 
porting it at suitable intervals. The strength of the shaft- 
ing must, of course, be in proportion to the strains to which 
it will be subjected — and on this point the reader will do 
well to consult another volume of this series'— these being 
due, not only to the torsional stress caused by the trans- 

' TAt Strmg/A o/Maleria/s atui Stntclumi, by John Aadeisoa, C.E. 
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mission of the power, but also to the transverse pressure 
brought upon it by the belting, by which it receives its molion 
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from the engine, and hands it on to the tools, either directly, 
or through the intervention of countershafts, of which we 
shall have more to say presently. 
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Where the length of the workshop is great — and it is 
generally desirable that it should be— ^e main shaft cannot 
be conveniently made in a single piece. Fig. 266 shows 
the best and simplest form of coupling — known as the box 
£onpling—\yj which a series of comparatively short pieces of 
shafting can be connected together in such cases. The box 
or ring fits freely over the two ends, and is secured by a 
taper steel key driven tightly into a bed formed partly in the 
shafting and partly in the box. It will be seen that this 
arrangement enables any one length to be readily removed, 
if required, without disturbing its neighbours. For a joint 
of this kind to be efficient the coupling should always be 
placed near a bearing, as shown in the foregoing plan. 

Occasionally however it is necessary to carry a line of 
shafting across some open space — as for instance, from a 



Fig >66 Boi Coupl ng (A) 

fitting-shop to a foundry — where it cannot conveniently be 
provided with intermediate support, so that the shaft must 
be made in one continuous length In such cases much 
additional strength maj be given to t by the system of 
trussing shown in Fig 268 a series of tie rods being so 
arranged that each in turn a thrown into tension as it is 
brought to the lowest point by therevolut on of the shaft. 

In the case of horizontal shafts (and the trussed shaft 
shown in the figure, as well as all the others which we shall 
have to speak of here are horizontal) the bearing portions 
upon which thej revolve are commonly calkd journals. 
These, when the shaft ng is either turned bright throughout 
oris 'cold rolled do not differ from other portions of it 
either in diameter or m truth of surface When, however, 
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the main portion of a shaft is left rough or 
'black,' the turning down which is necessary at 
the bearing reduces the diameter of the jour- 
nal, as shown at a, Fig. 267. The effect of 
this — when at least the length of the reduced 
portion docs not exceed the width of the bearing 
which supports it — is to prevent any endlong 
motion on the part of the shaft, which of course 
is not required. But in a long length of 
shafting some slight motion in this direction 
must be possible, since the expansion or con- 
traction which takes 
place with every 
variation in the tem- 
perature would cause 
undue pressure 
gainst one shoulder 
or the other at the 
points of support It 
is, therefore, neces- 
sary to allow some 
liberty at all except 
one of these points, 
the travel at this one 
being prevented in 
the case of bright 
shafting by collars, 
either simply shrunk on, as at b, or forged 
out of the substance of the shaft itself, and 
turned with the internal angles rounded, as at 
c The form which this journal frequently 
assumes when it occurs at the end of a line of 
shafting will be found in Fig, 274, one of the 
collars in this case being extended in length 
to form a boss, upon which either a dnini or 
toothed wheel may be keyed. 
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Our shafting is now coupled up, and at its extremities or 
at any convenient points in its length it is provided with 
journals resembhng one or other of those just mentioned. 
We have now to support it, either from the cast-iron columns 
or the wall of the workshop, or, perhaps, from the beams 
of the roof In either of the two former cases we make 
use of a cast-iron bracket, such as Fig. 269, varying iis 
form to suit any special case. For giving a firm footing to 
this, our column should have upon it a projecting snug 
(s), on the upper surface of which a wedge (w) enables us 




to adjust its height with accuracy. Two bolts only, which 
pass completely through the column, are then required for 
holding the bracket perfectly firm, chipping filMs (r, F, f), 
running across the back of it, providing us with a ready 
means of fitting it to the irregularities of the cast-iron sur- 
face. In a similar manner a bracket can be attached to a 
wall, a piece of hard-wood packing being then fitted to the 
much greater inequalities of the brickwork, and the bolts 
which are passed through it having large cast-iron discs or 
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wall washirs under their heads for the purpose of distribut- 
ing the pressure 

Inourengravingsof thecountershaftSgFigs. 276 and 277 
will be found examples of a pendent bracket, for the support 
of a shaft from an overhead beam, and of a wall bracket. 

In its course a main line of shafting not unfrequently 
encounters a wall running in a different direction to its 
own, as at w, in the plan at the commencement of the pre- 
sent chapter. For supporting it under these conditions the 
arrangement known as a Wall Box is required. This — 
which is little more than a rectangular cast-iron frame of 




suitable depth— is secured by being built into the wall, as 
shown in the illustration on the preceding page (Fig. 270). 

The shaft, however, does not rest directly upog any part 
of either the wall-box or the bracket. In each case a 
Flummer Block is provided for its reception, of which the 
object, when used either for the shafting of a workshop or 
for any of the very numerous other revolving shafts for which 
it is employed, is, first, to diminish as much as possible the 
friction between the moving surfaces j secondly, to transfer 
the wear from the journal to the more easily renewable 
'brasses' in which it runs ; and, thirdly, to afford the means 
of adjusting these as the wear takes place. In Fig. 271, a 
front and also a side view of a plummer block is represented, 
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together with a portion of a wall plate upon which it may be 
conveniently fixed. With the exception of the upper and 
lower brasses b and b' and the four bolts (two of which may 
be dispensed with by the arrangement shown in Fig. 269), 
the whole of the plummer block is of cast iron, its lateral 
adjustment being provided for by keys driven in between 
the extremities of its base and the snugs upon the wall 
plates. Similarly the height can be varied by increasing or 
reducing the thickness of wood packing below it. As the 
brasses become worn they can also be adjusted, the lower one 
by introducing thin ' liners ' of tin plate, the upper by 
bringing down upon it the cast-iron cap; their inclination to 
revolve with the shafting being resisted by giving an octa- 
gonal form to the opening in the plummer block, or by some 
other convenient means. 

For the ' brasses ' of a plummer block some more durable 
mbiture than yellow brass is generally employed Gun metal 
is an improvement upon it, and phosphor bronze and some 
other recently invented alloys claim still greater superiority. 

Babbitt's 'white metal ' (consisting of tin and antimony) 
is a soft mixture which possesses great durability and gives 
excellent results in the way of reducing friction when ap- 
plied to bearings, though it is less used for the bearings of 
shop shafting than for such as are of a more highly finished 
character. It is usually applied in one of two ways : either 
the brass is formed into a ' shell ' and its inner surface is 
coated thinly and uniformly with the white metal, or a dis- 
continuous coating is formed by filling with it a number of 
circular cavities with which the bearing surface of the brass 
is everywhere pitted. 

Our main line of shafting may now be regarded as set up 
on its bearings, the several lengths being coupled together 
and any long unsupported portions being trussed. The 
amount of power lost in driving it will now greatly depend 
upon every bearing being properly lubricated- 

The elTect of lubrication upon a pair of smooth metal 
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surfaces seems to be to prevent their coming into actual 
contact, by interposing between them a thin lilm of the oil 
or other substance employed Whenever the lubricant is 
too thin, or the pressure tending to bring the surfeces 
together is too great for it, this film is pressed out, and some 
portions of them come into contact They are then liable 
to adhere together so firmly that portions of one or other of 
them will be torn off before they will separate ; just as the 
two halves of a cleanly cut lead bullet or two polished sur- 
faces of piate glass will unite inseparably. When this 
adhesion occurs between moving surfaces under a light 
pressure, ' cutting ' or ' scoring ' results, with a corresponding 
increase of friction ; whilst, if the pressure is considerable, 
their form may be entirely destroyed, — as an instance of 
which may be mentioned the behaviour of a dry railway 
axle when it ' seizes ' the brass in which it is revolving. 

Cylindrical gauges, such as Fig. 6, perhaps illustrate 
better than anything the value of lubrication. If a pair of 
these gauges are of exactly the same diameter, the external or 
plug gauge can only with great difficuhy be made to enter 
the internal or collar gauge, as long as both of them are 
clean and dry. And if it be pressed into it cohesion some- 
times takes place between their surfaces, and no available 
amount of force will separate them. But a single drop of 
fine oil enables the external to pass through the internal 
gauge easily and smoothly. If again a plug gauge is passed 
through a collar only one io,oooth part of an inch larger in 
diameter, it appears when dry to be so loose as scarcely to 
fit at all, but a drop of fine oil converts it into a fairly tight 
fit With thicker oil a greater difference in the diameters 
would be required to produce a like result, so that in any 
special case in which it is very important to reduce to a 
minimum the friction of a journal in its bearing, the con- 
sistency of the lubricant which will be used should be taken 
into account in deciding upon the difference to be given 
to their diameters. 
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Besides being of proper consistency and being unaffected 
in this respect by ordinary temperatures, it is important that 
lubricating oil should not be liable to thicken on exposure 
to the air, and that it should be free from the fatty acids 
capable of acting chemically on brass or copper, which are 
sometimes present. The following are the principal oils 
which are adapted for the general purposes of engineering 
workshops : — 

Sperm Oil. — The best in ordinary use for machinery. For such oa 
is accurately tilted and ran at a high speed or under a light pressure, 
spetm oil is especially well suited, and il is lo be regretted that its cost 
frequently causes inferior oils to be substituted for it. 

Olive Oil. — For general machinery. Openio the objection of fteei- 
ing readily. 

Lard Oil.— Usedasasubslitulefor sperm oil for light machinery. 
Freezes very readily and becomes very fluid with heat. 

Rape Oil. — For heavy machinery. Not to be recommended for high 
speeds or light pressures. Clogs on exposure to air. 

Palm Oil. — A compound of this witn animal lits is used for railway 
axles under the name of palm railway grease. 

Seal Oil. 

Whale Oil. 

Rangoon Oil. — This name, originally given to an oil deitved from 
Burmese tar, is now applied to a similar product extraclad in this 
^^oun(ry from American petioleum. Il possesses valuable qualities in 
its at)se[ice of gumminess afler exposure lo cur, freedom from action on 
b»ass and copper, and fluidity at low temperatures. These render it 
especially suitable for preserving metal work from oxidation, and have 
ted to its recommendation and adoption by the War Office authorities 
for the preservation of small arms. For lubricating machinery, except 
under light pressures, it is rather deficienl in 'l>ody,' but lliis is some- 
times corrected by adding lo it a small percentage of some animal oil. 

Under various fancy names other mineral oils (or mix- 
tures mainly composed of mineral oils) are now obtainable, 
specially prepared for lubrication under different speeds and 
pressures. As economical substitutes for the more costly 
oils, some of these appear to have much in their favour. But 
the extent to which any particular oil possesses the good 
qualities mentioned above can be easily tested, and the prac- 
tice of doing this is greatly to be recommended, especially 
in the case of mixtures, avowed or otherwise 
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Next, as to the best methods of applying the oil ; a 
problem by no means easy of solution in the case which we 
have been considering — namely, that of a line of shafting 
running in a series of bearings which are often in somewhat 
inaccessible positions. Some kind of apparatus capable of 
delivering a small and constant supply therefore becomes 
essential, so as to guard as much as possible against the 
power being uselessly expended in heating the bearings — 
which is the certain result of allowing the supply of lubri- 
cant to faiL A simple but not very effective plan is to cast 
a cup at the top of each plummer block, a small oil-hole 
running from the bottom of this through the cap and the 
upper brass to the journal. Such a cup appears in Fig. 271. 
In it is placed a piece of sponge, which readily sucks up the 
oil poured into the cuf^ and delivers it up again but slowly 
through the oil-hole. 

As an improvement upon this, the Syphon Lubricator was 
introduced, in which the opening of the oil-hole is no longer 
at the bottom of the cup, but is brought almost or altogether 
up to a level with the top of it, by fixing into the aperture a 
short piece of lube, or otherwise. An ordinary cotton wick, 
of which on& end is passed down the tube and oil-hole, and 
the other hangs over into the cup, then draws the oil over 
slowly and continuously, and delivers it into the bearing. For 
marine engines, and other machinery in which the motion is 
continuous for long periods, this method answers admirably ; 
but for shafting, &c., which is running only for a portion of 
each day, the waste of oil during the idle hours is a great 
objectioa 

A much more ingenious arrangement is that known as 
Lieuvain's Nteih Lubricator, one form of which is repre- 
sented in Fig. 272. The oil is placed in a , strong glass 
bottle, the neck of which is then stopped with a wooden 
plug. Through this plug passes the ' needle ' — a piece of 
iron wire— fitting very loosely into the hole in the plug, 
which is bushed with brass. The orifice of the oil-hole in 
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the bearing being enlarged to admit the outer end of the 
plug, the entire lubricator is then turned over into the posi- 
tion shown in the present engraving, and also in that of 
the bracket and plummer block (Fig. 269). The neediest 
once drops down upon the journal, the rotation of which 
imparts to it a slight but continual vibration, which causes 
the oil to Creep slftwly down into the bearing as long as the 
motion continues, but stops the supply directly it is brought 
to rest A brass box with a glass ' skylight ' is sometimes 
substituted for the bottle, but for shop shafting the latter is 
preferable, as the quantity of oil contained in it can be more 
readily perceived. 

Returning now to the general question of the distribution 
of the power, let us examine the arrangement for drawing off 
from the main stream the successive 
portions of ii required for serving the 
various tools in its neighbourhood. For 
many of them it suffices to place oppo- 
site to thfm upon the main shaft a 
Driving Drum, such as that shown 
in the left-hand portion of Fig. 273. A 
leather belt, running round the periphery 
of this and round a similar drum upon 
the machine which is to be driven, 
enables the power to be delivered with 
but trifling loss at any point within 
about 30 feet of the line of shafting. ^'li,^T<^5i'' 
In the plan. Fig. 265, the grindstone 
c is driven in this way — 'direct' as it is called — thus 
receiving from the main shafting whatever power it may 
require, just as that in turn obtained it from the crank-shaft 
of the engine. The reader is now too familiar with the 
system of ' keying ' to be for a moment at a loss as to how 
the drum in the engraving is intended to be attached to the 
shaft, but a plan sometimes employed in preference— as it 
involves less costly fitting— is to bore out the boss to a 
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larger size than the shaft requires, and to drive from each 
side into the annular space a split conical bush. 

To diminish the risk of fracture in cooling, to which the 
edges of such thin castings are liable, the arms are frequently 
carved, as indicated by the dotted lines, instead of being 
made radial. The other drum shown in Fig, 273 is known 
as a Split drum, and it possesses this advantage, that it can 
be attached at any point in a long line of shafting without 
necessitating its removal By so proportioning the size of 
the aperture through the boss that the act of bolting together 
the two halves of the drum causes it to clip the shaft suffi- 
cieutly firmly, the key may often be dispensed with. Drums 




frequentiy made of wrought 



of both these kinds a 
iron. 

The slightly convex form of the face which appears in 
the section might perhaps be thought to be ill adapted for 
preventing a belt from running off at the edges. It is found, 
however, to be better than any other, and is the form almost 
invariably given to a ' single ' drum, or one upon which one 
belt only is to run without change of position. The width 
of a drum of this kind should be about one-fourth greater 
than that of its belt. 

When the duties of a belt and drum are exceptionally 
heavy, as in driving a long line of shafting, or when it is 
necessary to affix to it a toothed wheel for the same purpose, 
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it ia advisable to enlarge the shaft at the point of attach- 
ment, and to have recourse to keying in the ordinary way, 
as shown at a, Fig. 274. Other unsplit drums can still be 
introduced upon the shaft, and be secured, either with the 
coned bushes mentioned above, or by ' staking ' them, as 
shown at b. 

For the belting, by which the last stage of the connection 
between the prime mover and the several machine-tools is 
established, various materials — such as canvas and india- 
rubber, gutta-percha, Manilla and other vegetable fibres — 
have been employed ; but for this purpose it may be safely 
asserted that there is nothing like good leather. 

The size of a leather belt must of course depend upon 
the amount of power which has to be transmitted by it, or 




rather by its 'leading side,' for one half of it only— namely, 
that which is moving towards the driving-shaft — is in action 
at once, and it is along this only, and not along the ' follow- 
ing side,' that the power is, as it were, flowing. The greatest 
tension (or pull) which can be brought upon this side by the 
action of the machine, together with that upon the following 
side due to the stretching of the belt over the drums, fur- 
nishes us with a guide as to the sectional area of leather 
required in each case ; 40 lbs. per inch in width for each 
eighth of an inch in thickness being about the greatest strain 
at which it may be worked with safety. But as the thick- 
ness must depend upon that of the hides from which the 
belting is cut, and this varies only from about ^th to ith of 
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an inch, it becomes little more than a question of what width 
is to be employed, and whether the belt shall be single or 
double. 

Examples of the joints used in building up belts of each 
kind from any requisite number of short strips are given 
in the diagram (Fig. 275) ; for the strips being cut straight, 
cannot, of course, exceed the length of the hide which yields 
them. Another kind — 'ridged belting '—is also there re- 
preserited, the object of the ridges being to prevent undue 
stretching of the edges, a defect to which wide single belts 




Fig. !js- -Joinls of Leather Billing O). 

are liable. The free ends, after a belt has been cut to the 
proper length, are connected together either with a laced 
lap-joint, or with a butt-joint, and some form of metal ' belt 
fastener.' 

We have now the means of conveying the requisite power 
to our machine-tools, and as far as the speed and the 
direction at which they are driven are concerned, we can 
vary the first within considerable limits by making the 
driving drum upon the shafting larger than that upon the 
machine (or vice versa), and the second by either crossing 
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or not crossing the belt in its passage from one to the other. 
With the simple addition of a 'loose' or 'idle' pulley, to 
enable the tool to be brought to a stand without stopping 
the main shafting or throwing off the strap, this indeed is 
sufficient in the case of many machines, as, for instance, 
those for punching and shearing ; but when It is required 
either to have the means of readily adjusting the speed 
or changing the direction, an intermediate or counter-shaft 
becomes necessary. An example of one of these in its 
simplest form — ready adjustment of the speed only being its 
object — will be found in the drilling machine represented in 
Fig. 207, where it is attached to the lower part of the fram- 
ing. They are, however, more usually placed overhead, as in 
the case of the lathe l in Fig. 265, since belts cannot be 
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worked with advantage when the distance between two shafts 
is very small. But when once we are provided with a counter- 
shaft, then, by merely increasing the width of its loose pulley 
(l), and introducing another one (l'), in the manner shown in 
the annexed diagram (Fig. 276) — a second drum, or one of 
greater width being also placed upon the main shaft — we are 
enabled to drive it at will, either in the same or the reverse 
direction. For by passing over the loose pulleys two 
separate belts, one of which is crossed and the other not 
crossed, they are made to revolve constantly in opposite 
directions ; and although neither of these is capable of 
imparting motion to the countershaft, it can be instantly 
thrown into action by transferring one or other of the belts 
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to the narrow fast pulley between them. With this object 
each belt is made ia pass through a ' fork ' just before it 
reaches its pulley, and these being attached to a sliding 
bar, which by sufficiently obvious means can be moved 
either to one side or the other, ensdile the counter-shafl— 
and with it the lathe or other instrument driven by it — to 
be set in motion either backwards or forwards, or to be 
brought to rest by the mere movement of a handle. 

A slight further alteration renders the speed unequal in 
the two directions, and gives to the counter-shaft the means 
of providing a screw-cutting lathe, or any other tool, with 
a 'quick retura' The pulleys which give the backward or 
return motion are then made of much smaller diameter 
than the others, as in Fig. 377, whilst the size of the drum 




on the shafting from which the crossed belt passes to them 
is correspondingly increased. In the diagram the two fast 
pulleys are marked F and f', one of each size being now 
required, and the loose pulleys are indicated hy the letters 
L and l'. Whether each of these is made in two parts, as 
in the figure, or in one, as shown in Fig. 276, is only a 
question of convenience in manufacture. 

The determination of the relative diameters of the drums 
and pulleys which will be required for driving any particular 
machine presents no difficulty, provided that we know, in 
the first place, the speed at which the main shafting revolves, 
and, secondly, that which it is most advantageous to impart 
to the tool or the work, Their actual sizes are limited, on 
the one hand by the circumstance that when the driving 
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drum is very lai^e its weight becomes objectionable, and, 
on the other, that when a pulley is very small its surface is 
insufficient to prevent the belt from slipping, unless, at 
least, the speed be very high, or the power transmitted by 
it be inconsiderable. 

The former of these — namely, the speed of the shafting — 
is assumed by engineers' tool-makers to be 100 revolutions in 
a minute, and the driving apparatus ordinarily supplied with 
any machine-too! is therefore so proportioned as to give such 
an increase or reduction of this speed as shall be suitable for 
the work to be performed by it Cone pulleys, to which 
attention has been already called on more than one occa- 
sion, are also introduced whenever it is necessary to have 
the power of varying the rate of speed, and that this is 
necessary in the case of such instruments as the lathe will 
be easily imagined. For not only does the variable diameter 
of the work produce great differences in the length of it 
upon which the tool is made to act in any given space of 
time, but the different degrees of hardness of the materials 
which have to be treated make it exceedingly desirable to 
have the means of varying the motion accordingly. 

The following are the approximate speeds in feet per 
minute, for metal turning and planing, but they are subject 
to modification according to the depth of the cut, which 
it is the tendency of modern practice to increase :— Steel, 
12 ft ; cast iron, 18 ft. ; brass, 20 ft. ; wrought iron, 24 ft. 
Dividing these by the number of feet in the circumference 
of any piece of work which is to be turned, we of course 
obtain the number of revolutions at which it is desirable 
that the mandril should be driven. With wood the surface 
speed per minute may be sometimes as high as 2,000 feet 
(and even 3,000 feet per minute when the tool, instead of 
the work, receives the motion), and it is probable that those 
given above for metal might be much increased but for the 
great heat produced, which endangers the temper of the 
tooL 
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In order to assist in carrying off the heat, and also to 
reduce the friction between the fece of the too! and the 
newly-cut shaving, copious lubrication is desirable in work- 
ing steel or wrought iron in the lathe or planing-machine, 
although for cast iron and brass, of which the shavings 
break up instead of curling, the same necessity does not 
exist, and these are treated in a dry state. The ordinary 
lubricant in such cases is a mixture of soap and water, or 
a weak solution of common (carbonate of) soda may be 
used, since this likewise restrains the rusting action of 
the water. But coarse kinds of oil, such as whale and 
seal oil, or mineral oils from petroleum, &c, 
\ are preferred for some purposes, — amongst 
U wliich may be mentioned screw-cutting by means 
\ of tai^s and dies. 

Returning for a few moments to the plan in 
Fig. 265, it should be noticed that the main 
shafting does not always run in a single straight 
line throughout the workshop, nor even in two 
or more parallel lines, although this last is by 
no means an uncommon arrangement At the 
top of the figure is a cross-shaft, at right angles 
to the main shaft (s), from which the motion 
has to be imparled to it. As there shown, this 
is done by means of a pair of bevil wheels (b), 
but when a small amount of power only is to 
be transferred from one shaft to another running 
in a diflereni direction, a leather belt may be 
F(G. 178. employed, as in Fig. 278. For this, however, 
Crossed Shafts. ^^^^ ^^^^ ^ considerable difference of level 
between the shafts. 

It is generally desirable to have the power of disconnect- 
ing some portion of a line of shafting in a more rapid 
manner than by taking off a coupling. This can be done 
by means of what are known as Clutches, which often con- 
sist merely of a pair of circular boxes with corresponding 
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projections cast upon their adjacent faces. These are placed 
upon the shafting at the point of junction between two of 
its lengths, and are so arranged that one can be slid on a 
feather so as to be either in or out of contact with the other. 
The shock with which the revolving box engages with that 
which is at rest constitutes the chief objection to them. 
Friction Clutches, which 
obviate this, have been 
arranged in various 
ways, one of the sim- 
plest being the Cone 
Clutch, Fig. 279. The 
connection is established 
by pressing one half, 

which has an external ^"^ j79.-coTie cimch. 

conical surface, into the 

other, which is hollowed and coned internally, the friction 
between these surfaces being sufficient to cause them to 
revolve together. In this there is a slight waste of power, 
on account of the friction of the collar which runs in the 
groove G, by which, through the medium of a lever attached 
to it, the sliding cone is con- 
tinually being pressed into 
the hollow whilst the clutch is 
in actio a 

In Weston's Friction 
Clutch, the surfaces from 
which the friction is obtained 
are much larger in area, being 

afforded by the flat sides of a ^,„„„., p,!^°„ ciaich (A). 

series of discs, which are made 

alternately of iron and elm-wood. In the section of this 
Clutch, Fig 280, the latter are marked a, and revolve with 
the shaft a, whilst the former are marked b, and are keyed 
to the shaft r As here arranged, the clutch is kept always 
in gear by a series of spiral springs, which are drawn back, 
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when the connection is to be broken, by a lever acting upon 
the collar c. 

Several other friction clutches have also been devised, 
but a description of them would unduly extend the limits of 
the present chapter. Some of them may perhaps be advan- 
tageously substitated for either of those figured above, whilst 
others — such as the ' hydraulic reversing clutch ' for rolling 
mills — have been made for one special purpose, and are not 
generally applicable. 

The points in the main shafting at which clutches can be 
most advantageously introduced, and by consequence the 
extent to which the wear and tear, and the absorption of 
power in such portions as would otherwise be ' running 
idle,' may be saved — for no system of transmitting power 
with which we are acquainted is entirely free from leakage — 
must depend upon the general arrangement of the workshop 
and the disposition of the tools which it contains. For these 
no absolute rules can be laid down, since each case must 
in great measure be governed by its own special require- 
ments. To give to the subject the best possible attention 
in the first instance, will be found in the long run to be the 
surest economy. 

Such, briefly stated, are the main points of interest in 
connection with shop shafts and belling. These, however, 
although the commonest, are by no means the only available 
method of distributing the power to machine-tools. Steam- 
hammers, for instance, in common with many other tools 
which do not come within the subject of the present volume, 
contain within themselves the prime movers by which they 
are driven, and in many such cases the steam itself be- 
comes the carrier of the power, and is laid on direct, instead 
of being first used to produce the rotary motion which 
is necessary for such tools as lathes and drilling machines. 

Or Compressid Air may be used as the carrier ; and 
since, unlike steam, its efficiency does not depend upon the 
maintenance of a high temperature, it can be conveyed for 
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greater distances with a smaller percentage of loss, though 
it is not free from other drawbacks. 

The Hydraulic System too is very largely used for the 
distribution of power, and for some purposes it possesses 
great advantages, though it has not yet fulfilled the ev- 
aggerated expectations formed of it by Joseph Bramali. 
The basis of the system is the employment of water con- 
fined under a high pressure, and the power conveyed in 
this way suffers but little loss even when the distance 
traversed is considerable. It is noticeable that in con- 
nection with this system there has been made a distinct 
advance towards one of the most practically important of all 
mechanical problems— that of the storage of power. By 
availing ourselves of the hydrostatic pressure of water stored 
at high elevations, or by storing it under pressure artificially 
produced by means of an Accumulator, we can utilise sources 
of power which without storage would be quite insufficient 
for a given purpose. Thus a small donkey-engine, employed 
for an hour in pumping water into an accumulator, may be 
made to lift in a fraction of a minute with a hydraulic crane 
a weight with which its unstored power would have been 
quite incompetent to deal. 

Our ideas, however, both as to the transmission and the 
storage of power, seem destined to be revolutionised by a 
system which has quite recently entered the field as a rival 
to the above, viz. Electricity. The facility which it bids 
fair to. afford for laying on power to great distances, either 
from centres at which it may be generated on a large scale 
by the combustion of coal with a degree of economy now 
unattainable in practice, or by utilising natural forces — such 
as falling water or the tidal wave — which are now suffered to 
run to waste, renders it probable that electricity will here- 
after, to a great extent, supersede the steam-engines and other 
motors with which we are now familiar, and will change 
completely the aspect of oqr workshop appliances. 
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CHAPTER XI. 

ON TOOL STEEL AND ITS TREATMENT, 

In the preceding pages some little space has already been 
devoted to the subject of the sharpening of steel cutting- 
tools, more especially the 'grinding' and 'setting' of edge- 
tools for wood, and the filing of hand-saws. But there 
remains a large class of metal tools and cutters to which the 
original forms which they gradually 
lose in use cannot be restored by 
these simple means. 

A chipping- chisel, for instance, 
may be sharpened a certain number 
of times upon an ordinary grindstone, 
but at each successive grinding the 
ground facets become larger, and the 
time spent in grinding them increased. 
Sooner or later, therefore, recourse 
''''fo«';,;d^«°f«ttl','**" fnust be had to 'fettling' it {i.e. 
drawing out, hardening, and tempering 
it), in order to bring back the edge from a condition re- 
sembling b in the annexed sketch (Fig. aSi) to its original 
condition a. For doing this successfully, it is imperative to 
know something of the nature of steel, and of the various 
ways in which it is affected by heat. 

Any one commencing the study of this peculiar metal at 
once encounters a difficulty in limiting the term, as it has of 
late years been made to include a whole series of compounds, 
many of which are more closely allied to wrought iron than 
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to the high-class steels suitable for edge tools to which it 
was formerly confined This difficulty must continue till 
the various kinds of ' homogeneous iron,' ' ingot metal,' or 
' mild steel ' have been provided wilh properly descriptive 
names — which it ib to be hoped they soon may be. These, 
however, will not be included in the term ' steel,' as used for 
our present purpose. 

It is now pretty generally agreed that perfect steel would 
consist of pure iron and carbon only ; and that under that 
condition — unattainable in practice — its quality, from a che- 
mist's point of view, would depend solely upon the amount 
of carbon, which might then be present in any proportion 
up to about 30 parts in 1,000. In the steels {i.e. the tool 
steels) of commerce, even in those which can claim at all to 
approximate to this ideal, Che higher of these proportions is 
not nearly reached, the range of carbon being only from 
about 6 to something like 20 parts in 1,000. In these, 
although some other substances are always present, it is the 
amount of carbon which chiefly determines the suitability of 
a sample of steel for any particular purpose, and also the 
treatment to which it may be subjected, especially when 
heated. The other substances which occur as impurities 
(derived originally either from the ore cr from the fuel) are 
principally sulphur, phosphorus, and silicon; and iheir effects, 
rougHy slated, are as follows : — 

Sulphur tends to render steel ' red-short,' or brittle 
when heated. 

Phosphorus ' cold-short,' or brittle when cold. 

Silicon both red and cold short 

But the effect of one of them may be modified by the 
presence of another ; also by the proportion of carbon, and 
by the presence of some other substances — notably man- 
ganese,— which itself greatly influences the admissible amount 
of carboa Both silicon and manganese are indeed some- 
times introduced purposely in the process of steel manu- 
facture, to serve as correctives of other impurities. But they 
. ,oogk 
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must themselves be regarded as impurities with which it 
would be a great advantage to be able to dispense. The 
subject of the chemical composition of commercial steel 
is altogether one of great complexity and difficulty, and 
it is a study for the steel maker rather than for the steel 
user. Very small differences in the percentage of the above 
and of some other substances may greatly influence the 
character of the steel produced. Moreover, the property of 
absorbing some cf them in the gaseous state, which hot 
steel is now proved to possess, renders its original composi- 
tion liable to change whenever it is afterwards heated in 
contact with ordinary fuel, which is never wholly free from 
impurities. 

The strength and endurance of steel, however, are very 
largely dependent upon its physical condition, so that amere 
knowledge of its chemical composition is quite insufficient 
as a guide to its fitness for any particular purpose. To judge 
of this condition, it is a common practice to ' nick ' and 
break a bar before heating it, and to observe the fracture ; 
which, if it presents afine uniform grain and ' silky ' texture, 
and a conchoidal {i,e. shell-like) form, is taken to indicate 
good steel ; absence of these qualities, on the other hand, 
being considered an indication of inferiority. But the evi- 
dence which this affords is of a negative kind only, even 
when due precautions are taken in applying the test, and in 
inexperienced hands the best of steel may very easily become 
unrecognisable from its fracture. Closeness of grain, under 
any circumstances, is not a certain proof of goodness. And 
the appearance of the fracture is greatly influenced by the 
hardness or softness of the bar under trial, by the heat at 
which it has been finished under the hammer or rolls, by 
the extent of the nicking, and by the suddenness with which . 
it has been broken. 

On the whole, therefore, in order to procure the steel 
which is most suitable for any particular class of tools, the 
best course is to apply to a reliable manufacturer, stating 
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eiiactly the purpose for which it is required, and paying a 
sufficient price. For the fact should be borne in mind that 
low-priced steel is often much more costly in use than that 
which is higher in price, but possesses more lasting resist- 
atice to wear. 

The selection of steel of proper ' quality' and 'temper' 
will then rest with the manufacturer, who — It should be ex- 
plained—by the term 'temper' expresses the degree of car- 
bonization of any particular steel, in which sense it has no 
connection with the process of ' tem|)ering ' presently to be 
described. The notes given below, in a tabular form for 
clearness' sake, show roughly the proportion of combined 
carbon in crucible cast-steel corresponding to different 
' tempers,' with examples of the uses to which it may be 
subjected without injury in working. But in ordering steel, 
such general infoimation should never be substituted for 
full particulars, without which the maker can never be sure 
of supplying that which will best meet the requirements of 
the case. 

Crucible Cast Sfetl. 
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bright red 
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Wood tools, 

drills and 
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• 5 

Tools for 
chilled iron 

Blood red 



Crucible steel of still higher temper, containing sometimes 
s much as 20 parts of carbon in 1,000, is made for some 
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special purposes, but it is not suited for ordinary use, being 
difficult to work, and almost impossible to weld. For 
each addition to the proportion of carbon lowers the melt- 
ing point of the steel, and causes it to pass more quickly 
from the solid to the fluid condition ; the duration of plastic 
state, to which the possibility of forging and welding iron 
and its compounds is mainly due, being thus proportionately 
reduced 

Suitable steel having been obtained, the quality of a tool 
made from it will depend mainly upon the skill with which 
i[ is treated, and upon the observance of certain precautions 
in heating it, not only in the first instance, but at every sub- 
sequent heating. Before going into particulars as to these 
precautions, it will be well to give a consecutive outline of 
the process by which a tool or cutter may either be made 
from the original bar of steel, or be reformed after being 
worn or broken. 

The working temperature of the particular steel having 
been ascertained, if necessary by trial, the tool is brought as 
nearly as possible to the required shape by forging (itself a 
wide subject, and one altogether beyond the scope of the 
present volume) ; especial care being taken that the cutting 
edge shall be well worked under the hammer. 

The steel will now be quite sofl, so that whatever grind- 
ing or filing up is required can be easily done ; and in this 
connection the couplet, stated by Moxon upwards of two 
hundred years ago to have been an old and familiar one in 
his day, should be borne in mind : — 



If by either filing or grinding the outer skin is removed from 
any portion of the tool, it is desirable to remove it from all 
the portions which are to be subjected to the next process, 
viz. hardening. 

To harden it, the tool is again raised to a proper heat, 
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ascertainable by trial, and it is then suddenly cooled, which 
is generally done by plunging it into a trough of water. 
This, however, gives too great hardness, as no steel can be 
very hard without being also brittle, to a greater or less 
degree according to its composition. It is therefore neces- 
sary to temper it by careful re-heating up to a certain defi- 
nite point, by which means the tenacity can be sufficiently 
restored without sacrificing the hardness to too great an 
extent This tempering, or 'letting down the temper,' is 
a delicate process, which is happily much facilitated by the 
fact that when brightened steel is heated, the superficial 
oxidation which takes place in the air is accompanied by a 
constantly varying coloration of the surface, as the tempera- 
ture rises from about 430° to 600° Fahrenheit. The colours 
which it successively acquires, and their conesponding tem- 
peratures, will be found in the Appendix. On brightening 
a portion of the surface after hardening, it becomes possible, 
therefore, by observing these colours, to arrest the heating 
at the proper point, and so to bring the tool exactly to the 
desired temper. The particular shade which corresponds 
with this temper will, however, require to be ascertained by 
trial wherever the natural hardness of the steel under treat- 
ment is unknown. 

In practice the above process is generally shortened by 
confining the hardening to the neighbourhood of the cutting 
edge, and obtaining from the uncooled portion of the tool 
the heat required for tempering it A chipping chisel (to 
revert to the former example) has only its cutting end com- 
pletely cooled by quenching in the water-trough; and on 
this hardened end — brightened by rubbing it on a piece of 
gritstone— the characteristic colours gradually appear, travel- 
ling onwards in succession as the heat returns by conduction 
fixjm the stem. As soon as the colour corresponding to the 
required temper has reached the cutting edge, the entire 
tool may be cooled. 

The treatment will thus be seen to have three distinct 
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stages. At each stage there exist some precautbns which 
are essential to success, and others which may conduce to 
it in difficult cases ; amongst the most useful of each kind 
being the following : — 

In heating steel, whether for working it, annealing it, or 
for any other purpose — 

Use (he purest obtainable fueL Charcoal is far superior 
to coal or coal-gas or coke, but the scarcity of timber in this 
country unhappily renders its price prohibitory for ordinary 
work, except on a small scale, when it should always have 
the preference. Whenever recourse must be had to coal or 
one of its products, it should be of a kind as free as possible 
from sulphur, which is present in much of our British coal 
in so large a proportion as to render it entirely unfit for 
smiths' use, even in the working of iron. 

Heat the mass uniformly throughout, or, at least, heal 
uniformly the portion of it which is to be treated. Un- 
equal heating is a fruitful source of the difficulties experienced 
in the working of steel, as forging it when the outside is 
either much hotter or much cooler than the inside results 
in unsoundness. In order to secure sufficiency and uni- 
formity in the heating of large and thick masses, it is re- 
commended to allow ample time for the heat to penetrate, 
applying the blast for a portion of this time only, and 
repeatedly altering the position of the steel whilst it is in 
the fire. 

Small tools and cutters, especially such as have thin 
edges or projecting parts which would be very liable to be 
made too hot, may sometimes be advantageously heated in 
iron tubes or boxes. In these they can be surrounded with 
coarsely -powdered charcoal, which assists in rendering the 
heating uniform, at the same time preserving the steel from 
contact with the burning fuel, and preventing any loss 
of the carbon contained in it. Clay or loam may also be 
used as a protective coaling in some cases; ora bath of red- 
hot lead can be employed as the source of beat 
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Re-heat as few times as possible. The quality of steel 
is deteriorated by re-heating, especially with impure fuel. 

Avoid ' soaking ' in the fire when once the full tempera- 
ture has been reached. Steel should be worked immediately 
on becoming sufficiently hot throughout. Long soaking, 
even at a low heat, is very prejudicial to it. 

Carefully avoid over-heating. Different kinds of steel 
vary greatly as to the degree of heat which they will bear. 
In general, the higher the proportion of carbon, the lower 
must be the working heat Tool steel should not be made 
so hot as to show a scale upon its surface. The quality of 
steel which has been accidentally over-heated, if it has been 
for a short time and to a small extent only, can be partly 
restored by being well hammered — at first with light blows. 

If over-heating is carried to a further stage, steel becomes 
' burnt,' and it is then incurably spoilt Brilliant sparks are 
an indication of burning. On attempting to work burnt 
steel, it will be found to have become 'red short,' and it 
will fall to pieces under the hammer. When good steel 
shows a tendency to do this, it may generally be taken as 
a proof that it has been over-heated. 

In hardening — 

Heat the steel no more than sufficiently lo give it full 
hardness when quenched. There appears to be always a 
definite point of temperature below which sudden cool- 
ing is incapable of producing hardness. But it varies 
considerably in different steels, being highest in those in 
which the proportion of carbon is least. In highly carbon- 
ized steel, for which a comparatively low heat suffices, 
and in which the risks of hardening are the greatest, it is 
especially desirable to exceed this temperature as little as 
possible. It may be easily found by trial, a small sample of 
the steel being first quenched at a blood-red heat and tested 
with a saw-file. If found to be incapable of resisting the 
file-teeth, it is a proof that the hardening point lias not been 
y 
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reached, and the quenching must be repeated after heating 
to a rather higher temperature than before. But beyond 
this point additional heat does not give additional hardness ; 
and, provided that the uniformity in the heating already in- 
sisted upon be secured, it appears probable that the ditfi- 
culties inseparable from the hardening process would be 
often materially reduced if stricter attention was paid to 
avoiding any excess of heat at this stage. 

Cracks, known as ' water-cracks,' often make their ap- 
pearance on quenching hot steel, and entail the loss of all 
the labour which has previously been bestowed upon it 
Amongst the recognised causes which give rise to them in 
steel of good quality are — (i) Over-heating; (2) Unequal 
heating, especially if the outside of the steel be made hotter 
than the inside ; (3) Previous soaking in the (ire; (4) 
Plunging the steel for a portion of its length only, and keep- 
ing it still instead of constantly in motion in the water whilst 
cooling. Another cause of water- cracking, even when these 
four have been studiously avoided, is believed by the writer 
to be the existence of a local weakening of the cohesion 
between that portion of a bar of steel to which the heating 
has extended sufficiently to alter its structure, and the re- 
mainder which has not been so altered. 

Loss of shape in quenching is another source of trouble, 
even when the state of strain which causes it does not pro- 
duce actual fracture. The danger of this occurring often 
prevents the softening and re-hardening properties of steel 
from being taken advantage of when they otherwise would 
be ; as, for instance, in repairing tools and cutters which are 
complicated in form, or which require a high degree of 
accuracy. The precautions against it must vary so greatly 
according to circumstances, that examples, which would carry 
us beyond our space, would be necessary for explaining 
them. But it may be said generally that sharp comers and 
internal angles are a fertile source of both water-cracks and 
distortion, and they should always be avoided if possible 
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The treatment suitable to several special cases will be found 
described in the useful book on Steel, ' in which Mr. Ede has 
given the conclusions to which he has been led by long prac- 
tical experience. Equal quenching of all parts of the steel 
which are to be equally hardened is the main point to be 
aimed at, and a little consideration will generally suggest 
some suitable means by which this may be fairly well se- 
cured. Thus, in quenching a tool of which one portion is 
thick and another thin, the thickest part should generally be 
the first to enter the water. 

In the same work will be found some information respect- 
ing the use of salt solutions, &c, for hardening. Steel- 
workers sometimes add mysterious preparations to the water, 
under the name of 'physic,' and attribute to them wonderful 
properties ; but for the ordinary purposes of an engineer's 
workshop an ample supply of clean water generally suffices. 
But authorities for the most part agree that the water should 
not be very cold, that its surface should be free from grease, 
which would prevent it from acting uniformly on the steel 
plunged into it, and that water which has been boiled or has 
been for some time in use is preferable to fresh water Irom 
which the air has not been expelled. 

Hardened steel which has not been tempered or ' let 
down ' will resist a saw-file, and will readily scratch glass. If 
found to be too soft to do this, it should, as already stated, 
be made slightly hotter than before and again quenched, as 
tempering is of course impossible unless the steel is hard. 

In ttmpering — 

Take sufHcient time. The slower and the more uniformly 
the colours appear, the better is the result likely to be 

Quenching after tempering is unnecessary if the heat is 
raised only to a sufficient point to give the desired colour. 
In the case of small toob this may be easily done by laying 
them on a bar of hot iroa 

' Thi Management of Siitl, by Geo^e Ede. London, 1866. 
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'ITie pale straw colour which is the first to appear cannot 
be easily seen, except on comparison with an unheated piece 
of bright iron or steel. 

When very great hardness is required, for which the heat 
indicated by this colour even would let down the temper to 
too great an extent, a bath of oil or tallow, or of sotne fusible 
alloy, affords a ready means of tempering. Lower tempers 
can also be given in the same way. The smoke from hot 
taiiow or oil will be found convenient in enabling the degree of 
heat to be estimated ; the first slight smoke corresponding 
to straw colour, an abundant dark smoke to brown, and a 
very abundant black smoke to purple, in the list of colours 
given in the Appendix. By continuing the heating till the 
grease inflames and continues to burn, a still lower temper 
can be given. This method is known as 'blazing off,' and 
is much used for tempering springs. 

Annealing reduces steel to its softest and most uniform 
condition, its effect being in fact just the opposite of hard- 
ening. It is often desirable in the case of tools, such, for in- 
stance, as those which admit of being shaped cold before 
hardening. As a remedy for the hardening effect of cold 
hammering or cold rolling, it is also had recourse ta 
And in turning or planing steel the life of the tools used 
upon it is greatly increased if it has been thoroughly an- 
nealed. The unequally hard condition, known amongst 
workmen as ' pinny ' steel, may also generally be remedied 
by annealing. 

Steel can be annealed by simply allowing it to cool 
slowly after moderate and uniform heating. To retard the 
cooling, it is sometimes buried in lime or in ashes on being 
withdrawn from the fire. Heating in a box of charcoal, and 
leaving it in the box till cool, is recommended for small 
articles ; but in annealing steel, as in all stages of its treat- 
ment, continued heating, after the full heat has once been 
reached, is very prejudicial. If much prolonged, it may 
even leave the steel more harsh and brittle than it was before. 
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Partial annealing takes place when steel is heated to a 
point below its hardening temperature, and is then cooled in 
water. 

Toughening steel, by heating it uniformly and quenching 
it in oil, has been found to improve both its strength and 
workability. More especially does it do so in the case of 
thick masses, of which both the elastic limits and the power 
of resisting tensile strain may thus be greatly extended. The 
impossibility of submitting such masses to the hardening and 
tempering processes just described, owing to the formei 
being almost confined to the neighbourhood of the sur- 
face, renders this method of treating them doubly valu- 
able. 

The question — What occurs when steel is hardened and 
tempered ? is one to which the reader may not improbably 
be anxious to find an answer here. We are sorry to be 
obliged to disappoint him. Although these valuable pro- 
perties of steel, which are not shared by any other available 
substance, have been known for centuries, there is still no 
theory accepted as a satisfactory explanation of them. That 
the structure undergoes a change in hardening, and a stilt 
greater change in ' burning,' is at once evident on breaking 
a steel bar which has been so treated — as is shown by the 
fractures of annealed, hardened, and burnt steel in Fig. 282, 
which are engraved from a beautiful photograph taken 
'from life.' And it appears to be certain that hardening 
induces a state of internal strain which is greater or less in 
proportion to the bulk of the steel and the degree of heat 
to which it has been subjected. But the causes of aU these 
changes require careful further investigation. 

Some of the points, however, which have been noted 
above, in connection with heating, appear to admit of ex- 
planation, if^as the writer believes — either steel itself, or 
some compound of iron and carbon contained in it, shares 
with the generality of metals a strong tendency to crystal- 
lise, and if the granular structure which it thus assumes 
„H,glc 
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diminishes cohesive strength. In the cold of course this 
structural change cannot take place at all, or can only do 
so very slowly, but the change immediately commences 
on heating, and the higher the heat and the longer the time 
of Its continuance, the larger and the less coherent will be the 
crystals formed. Overheating or soaking in the fire will 
thus weaken the structure more or less according to the 
extent to which it has been carried finally giving ' burnt ' 
steel, of which the cohesion between the grains is so far 
destroyed that a very slight shock or strain is sufficient to 
tear them asunder. 



Working steel whilst soft on the other hand, will tend to 
reduce the size of the grains or crystals, just as — to adopt the 
simile suggested by M. Chernoff— shaking or stirring will 
affect those of a crystalline salt during their deposition from 
a saturated solution. It will therefore, conduce to obtain- 
ing the steel in its strongest condition, as we know that it 
does. Continuous hamtnering till a black heat is reached 
is the usual practice of tool-smiths, and it probably is partly 
in this manner that it imparts fineness of grain, which it 
does more especially at the surface ; though it is doubtless 
of service also ihrough its increasing the density by closing 
the pores of the steel, as in the case of any other metal 
which can be 'hammer hardened' 

I n. II, Google 
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The strictly defined limit to the action of temperature 
in changing the structure of steel, or otherwise affecting il 
when it is locally heated, is remarkable. It appears to give 
rise to the locally weakened cohesion to which allusion has 
been made as a source of failure in hardening, and also not 
unfrequently to fracture in use, ever when a tool has been 
hardened successfully, without any appearance of water- 
cracks. 

The sketch, Fig, 283, shows a mishap with which most 
users of chisels are familiar, in which the form of the break- 
age (which occurred during use), lends strong probability to 
its having been caused by a structural change due to a dif- 



Fic. 1S3. — Bnikfn Chliel. FiG. 184.— Broken Cotter. 

ference of temperature on the two sides of the fracture. 
And a similar tale appears to be told by the cutter shown 
in Fig. 284, which actually parted in hardening. This 
interesting example, kindly lent by the late Mr. Jabez James 
to illustrate this subject, was one of a very few failures out of 
a large number of similar cutters. The few cracks which 
did occur, took in every case the same direction as the frac- 
ture shown in the engraving. 

From what has been said respecting the different tem- 
peratures and treatment generally to which different kinds 
of steel must be subjected, in order to bring them to the 
most durable condition, it will be easily understood that it 
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is well in practice to limit rather than to extend the number 
of kinds employed in an engineer's workshop. By adhering 
to two or three kinds, the niceties of their treatment become 
known to a tool-smith, and he can obtain uniformly good 
results with a certainty which can scarcely be expected of 
him under other circumstances. 

It may, however, oflen be advantageous to use one or other 
of the various kinds of special steel which are to be met 
with. The name usually indicates that some other substance 
besides carbon has been intentionally introduced in the pro- 
cess of manufacture. Amongst these may be mentioned : — 

Musket's special steel, which has the peculiarity of not 
losing its temper by the heat generated in turning, &c. It 
can be forged at a moderate heat, and in cooling returns to 
its former or to a greater hardness, so that no subsequent 
hardening or tempering is required. For cutters liable to 
heat in working, or for punches used for hot materials, this 
property is a valuable one. 

Styrian special steel, which is said to contain 73 parts 
of carbon in 1000, and a high percentage of manganese. 
When hardened, this steel shows a fracture which can 
scarcely be surpassed for fineness and uniformity of grain, 
and it appears to possess great power of endurance. Styria 
has the advantage of abundant vegetable fuel, and as this 
is used throughout the manufacture it conduces greatly to 
the purity of the steel, of which various qualities and degrees 
of temper are now obtainable in this country. 

As a practical guide towards choosing good tool-steel, 
Mr. Ede gives the following workshop test. Forge a dia- 
mond-pointed chisel ; harden it carefully, and temper it 
to a violet colour ; grind it, and use it upon a piece of hard 
cast iron. If it will resist the blows of the hammer without 
breaking and will keep a sharp firm edge, full reliance may 
be placed on the quality of the steel. 

For a like purpose, he recommends drawing out a piece 
of the steel to a fine point— with the usual precautions — 
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hardening it /ully, and testing— first, (he hardness of the 
point, by its power to scratch glass ; secondly, the tenacity, 
by breaking off a small piece of the hardened end, placing 
it on a block of hard cast iron, and striking it with a light 
hard-faced hammer. If the steel is good, the fragment will 
cut the hammer face and will bury itself in the cast iron, but, 
if inferior, it can in this way be either crushed flat or ground 
to powder. 

Steel in general will endure working at low heat or in 
the cold better than iron will, and it may even be improved 
by it, as already mentioned. But some kinds of impure 
steel will break in a remarkable way if it is attempted to 
bend them whilst warm, though either in the cold or at a 
red heat they may be bent without Injury. This has been 
indisputably proved in the case of shipbuilding plates and 
bars. 

Thus far we have been dealing with the treatment of 
steel cutting tools when we call in to our aid the action of 
heat. But further treatment in the cold is almost invariably 
necessary in the case of the tools which have been subjected 
to the hardening and tempering processes above described, 
and for many others cold treatment is preferred on account 
of the greater certainty of its results. 

Hard steel can be effectively cut or abraded only by 
substances harder than itself. This limits to a compara- 
tively few the number of minerals at our disposal for the 
purpose, and excludes the whole of the metals and alloys 
at present known to us. Indeed, so far as edge tools pos- 
sessed of sufficient endurance for cutting hardened steel are 
concerned, it may be said that we are not acquainted with 
any practically available substance from which to make 
them. Diamond (lakes may be so employed in some few 
instances, but, even if the cost of such tools was not pro- 
hibitory, their brittleness and incapability of enduring the 
heat generated in working would unfit them for use, except 
on a minute scale. Indirectly, however, as we shall pre- 
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setitly see, the diajnond gives valuable assistance in the 
working of steel 

We are thus driven to depend almost wholly on abrasive 
substances, some of which, such as the silicious stones used 
for grindstones and hones, occur in nature ready to our 
hand. The hones have already been sufficiently noticed in 
Chapter II., but it will be well to supplement here the short 
description of the grindstones which was given in connection 
with hand-tool grinding. 

' Show me the grindstone, and I will tell you the cha- 
racter of the work which is turned out in the shop,' was the 
remark, based on many years of experience, of a late very 
eminent marine-engine builder. And the fact cannot be 
too strongly impressed— on machine workers and on hand 
workers alike— that with a bad or a badly-used grindstone 
ill-ground tools will be the rule, and with tools badly ground 
the work which is done will assuredly suffer, either in quality 
or in quantity, and most probably in both. 

The method recommended for hanging a grindstone 
intended for the ordinary service of a fitting shop is shown 
in Fig. 285. 

The stone — which is usually from two to four feet in 
diameter and from four to eight inches thick — is firmly 
clipped between two circular cast-iron plates, between each 
of which and the stone surface there is introduced a thin 
piece of soft wood 'packing,' which accommodates itself to 
any slight irregularities, and gives the plates a firm grip. 
The spindle runs in plummer- blocks fixed on the two sides 
of the cast-iron water-trough, and is provided with an ordi- 
nary fast and loose pulley. The trough also carries at one 
end a wrought-iron rest, adjustable as to height, with the 
assistance of which, as long as the stone runs true, tools can 
be ground by a practised hand in a very efficient manner. 
But no sooner does the grindstone lose its circular form 
than the rest becomes worse than useless ; and this is always 
liable to happen, either through careless use, or through one 
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part becoming softened by being left standing in the water. 
And when once the evil has commenced it wiil go on in- 
creasing, until it is remedied by turning the face of the atone 
— either dry, with a steel point, in the manner already de- 
scribed, or with some form of grindstone dresser, of which 
one or two difTerent patterns have been introduced, to ob- 
viate the necessity for that dusty and unpleasant operatioa 

Even when the condition of the grindstone is perfectly 
satisfactory, the correctness of the angles which the facets of 
a cutting edge (rround upon it form with each other and with 



the shank of the tool, depends entirely upon the skiil of the 
operator, although of course he may, and in general he 
should, have the assistance of a gauge or template. But 
either with this or without it, very great advantages will 
almost always be found to accrue from the adoption of the 
system of Machine Grinding introduced by Sir Joseph 
Whitworth. Fig, 286 shows one form of his apparatus for the 
purpose, which is in fact an application of the slide prin- 
ciple to the grinding of tools. Instead of the fixed rest 
mentioned above, the end of the trough is made to carry a 
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slide-rest, of which the cross-sUde is driven by a screw in the 
ordinary way, and the lower shde by a rack and pinion. By 
working the handle attached to the pinion, the tool (when 
its extremity is being ground) can be easily kept in motion 



so that all scoring and grooving of the face of the stone are 
prevented. The required angle can be given with unfailing 
certainty by a single adjustment of the rest, the entire body 
of which is hinged to the trough for this purpose. Perfect 
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unifonnity in the angles of any number of tools can thus be 
obtained, and they can be ground not only more rapidly, but 
in a very superior manner. Moreover, all unequal wear of 
the stone is prevented, so that the process of turning it up 
need never be resorted to. The speed at which the face of 
the stone is driven is about 830 feet per minute. 

The facet produced in grinding a tool in this manner is 
of course concave or ' hollow,' more or le^s according to the 
diameter of the grindstone. When this hollowness is ob- 
jectionable, it can be avoided by using the side instead of 
the cylindrical face of the stone ; for doing which Surface 
Grindstones are specially arranged, with slide-rests of which 
the traverse is at right angles to the spindle, instead of parallel 
to it as in Fig. 286. From such stones the portion near the 
spindle, which is comparatively inert on account of its slow 
speed, is cut away before they are mounted, so that only a 
wide annular face remains. 

The overhanging end of a grindstone spindle is some- 
times utilised by fixing upon it an annular hone, made up of 
segments of Water of Ayr stone, mounted on a cast-iron 
disc. This affords a ready means of ' setting ' the edges of 
tools which have been ground, and is especially useful in the 
case of wood-working tools. 

But by far the largest class of grinding machines, and 
one which lends itself to many purposes for which natural 
grindstones are ill-suited, is that of the Emery Grinders, to 
which allusion has already been made. In these machines 
artificial Emery wheels, which can be varied as required in 
respect of diameter, thickness, and coarseness of grain, are 
run at a very high rate of speed, especial attention being 
paid to their truth and steadiness. Under these conditions 
ihey abrade even the hardest steel with an avidity which far 
exceeds that of the natural grit stones ; whilst at the same 
time they themselves become worn away to a far less extent. 
They can thus be used for delicate grinding operations, 
such as cutting the grooves of a screw-tap or a rimer, which 
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would be veiy difficult, if not impossible, with a natural 
grindstone. 

Although artificial wheels made with corundum or emery 
are a very old device, being said to have been used in India 
and China for centuries, it is recently only that they have 
found much favour in this country. One main reason for 
this seems to have been, that as long as the Eastern practice 
was followed and lac and other fusible substances were used 
as the cementing materials, the wheeb were incapable of 
standing the heat generated in grinding at the high speed 
which is essential for obtaining their full effect The cohe- 
sive strength of such materials, moreover, was probably insuf- 
ficient to prevent their flying to pieces from the centrifugal 
force, if high speeds were attempted. 

Most of the modern Emery Wheels are free from these 
objections. America— *ver ready to adopt labour-saving 
processes — took the lead in improving the manufacture both 
of the wheels and of the machines in which to use them, and 
this country, following somewhat tardily in her steps, now 
both produces and uses them on an extensive scale. 

Emery wheels are ordinarily obtainable of any diameter 
up to 36 inches, and their usual thicknesses range from 
about J inch for the smaller to 6 inches for the larger sizes ; 
and these dimensions are capable of extension if necessary, 
though the cost of a wheel of very large size, or of very 
great thickness, becomes rather a serious consideration. 
The surface speed recommended for them varies with dif- 
ferent manufacturers from about 2,000 to 6,000 feet per 
minute for wheels of 6 inches diameter and upwards. The 
number of sizes of the grain or 'grit' also varies, three — 
'coarse,' 'medium,' and 'fine' — being found sufficient by 
some makers, and others having as many as ten different 
'grades.' The composition of the wheels can be made 
either ' soft ' or ' hard,' according to the purpose for which 
they are required. 

The machines in which these wheels are used present still 
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greater variety of arrangement, their uses being many besides 
the tool-grinding which brings them more especially into 
the present branch of our subject. Fig, 287 shows the 
upper portion of a General Emery Grinder with two wheels, 
intended for tool-grinding by hand, or for any small grinding. 
The wheels supplied with this machine, in common with 
many, but not with ail, of the kinds now in the market, can 
be used either wet or dry. Dry grinding, however, is often 
preferred ; the chief objections to it being— first, the possi- 
bility of damage to the temper of a tool from its heating ; 



secondly, the dust, which is liable to be injurious to any one 
continually inhaling it, and causes undue wear of all neigh- 
bouring journals or slides into which it finds its way. In 
the machine represented in Fig. 287, however, the second 
of these objections is obviated by mounting a fan on the 
spindle between the wheels, and so connecting it with the 
wheel casings as to set up an in-draught of air, which cauies 
off the dust And in wet-grinding, the fan carries oft" 
the spray. la-inch emery wheels are intended to be 
driven in this machine at a rate of 1,600 revolutions per 
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The liability to accident from emery wheels flying to 
pieces through the powerful centrifugal force which is in- 
separable from the high speeds which they require is much 
diminished by mounting them between large iron washers, 
of which the diameter should in each case be fuUy one-half 
that of the wheel These should be tightly clipped to- 
gether, either with through bolts, or with a nut on the 
spindle (as in Fig. 285), soaked paper or some other yielding 
raaterial being inserted between them and the wheel On 
the same account care 
should be taken that the 
wheel does not lit tightly 
on the spindle. 

An Emery Tool 
Grinder, differently ar- 
ranged, and with a rather 
larger wheel than the 
previous one, is shown 
in Fig. z88. In this case 
the pedestal forms a 
tank, from which a small 
centrifugal pump throws 
a continuous supply of 
water on to the face of 
the wheel, which, how- 
ever, can be used dry if preferred. 

Besides general tool -grinders such as these, various special 
ones are made to suit the requirements of particular classes 
of tools. Amongst these Saw- Sharpening Machines were 
some of the first to come into general use, the costly pro- 
cess of hand-filing, by which saw-teeth were previously 
sharpened, being one which stood in great need of im- 
provement, especially in the case of machine saws. The 
' gulleting ' or ' gumming ' of these or any other saws with 
gullet-teeth can be very quickly done in these machines, 
thin emery wheels being used, with which the gullet can be 
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cut down to any desired depth. ' Topping ' also can be 
done with the same wheel differently applied. 

Twist-Drill Grinders enable the true spiral form to be 
given to the cutting end of a twist-drill, which It is not easy 
to give in grinding by hand. 

Tap Sharpening Machines have small emery wheels 
suitably mounted for cutting or re-cutting the longitudinal 
grooves of screw-taps and rimers, which they readily accom- 
plish, however hard may be the temper of the steel. 

The following emery -grinders also should not be passed 
over without mention, though their duties are by no means 
confined to the working of steel. 

Emery Planers, in which the work travels to and fro on a 
sliding table beneath a revolving emery wheel, to which it 
is fed up as required. 

Surface Grinders, which enable the same system to be 
applied to larger articles than planers can accommodate. 
In some of these the guidance is merely given by hand to 
the revolving wheel, which is mounted on a jointed frame 
suspended from the roof. Others have a small planed 
table with a central opening, through which a very small 
and adjustable portion of the top of the wheel projects. 
The work is laid face downwards on the table, and moved 
about so as to bring each part in succession over the wheel. 
By providing the table with a simple 'fence,' like that of a 
circular saw-bench, a machine of this kind can also be used 
for running grooves or mouldings, with emery wheels of 
suitable form. 

For Emery-Coding and Edge-Grinding Machines many 
uses will suggest themselves. The emery wheel, which for 
plain grinding is small and thick, is in some of these 
machines placed horizontally almost in the centre of a 
rather large-sized table, through which it can be made to 
rise and fall slowly to a sufficient extent to ensure its wear- 
ing equally. The edge of any piece of work which can be 
accommodated on the table can then be fed up to the edge 

i:™,i,.-M I , Google 
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of the wheel, the guidance being given either by hand or 
by a template attached to the work and kept in contact 
with a ' feeler ' fixed above the wheel, and corresponding 
with it in diameter. In running edge mouldings with these 
machines the moulded emery wheel is of course kept a) 
one uniform height 

These examples, which might easily be multiplied, will 
suffice to give a general idea of the capabilities of this large 
and growing class of machine tools. Moreover, the use of 
emery wheels is not always confined to purposes which 
entail the adoption of specially constructed machines. A 
small wheel may be simply mounted on a lathe attachment 
capable of being carried 
by a slide-rest, and may 
thus form a highly effec- 
tive substitute for ordinary 
lathe tools in some kinds 

Fu.iiS?.— Cubouteioi Black Diunonds. Of WOfk. Hardened 

steel, chilled iron, or iron 
castings with their harsh gritty skin unremoved can thus 
be turned, all of these being powerless to resist the abrad- 
ing power of emery, though they would rapidly destroy 
cutting edges made of steeL 

The abrasiv; properties of loose sand have lately been 
turned to account in an ingenious and, it is said, a very 
successful way, by the application of Tilghman's sand-blast 
process to the sharpening of file-teeth, of which the edges 
can thus be re-formed without lowering their temper. 

But hand-tiling is now being completely superseded 
by emery grinding in several branches of manufacture which 
entail the frequent reproduction of complex forms in iron 
or steel, the result being that a previously unattainable uni- 
formity is secured, and at a small fraction only of the 
former cost. In short, it may be said that the system 
places at our disposal a more effective method than any 
which we have hitherto possessed for asserting our mastery 
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over some of the most refractory of all the natural sub- 
stances which we press into our service. 

The necessity for maintaining the true cylindrical form 
of a grindstone has already been insisted on. The need 
is even greater in the case of emery wheels, but their 
superior hardness makes it difficult to shape them with a steel 
tool of any kind. Recourse is therefore had to the hardest 
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known substance, the diamond ; the opacjue black variety 
found in Brazil — where it is known as 'carbonado ' (carbo- 
nate) — being preferred to the crystalline form used for gems 
and for glass- cutting. Some good angular specimens of 
this amorphoQE Carbonate^ three or four times the size of the 
pieces which would ordinarily be used, are represented in 
Ilg. 289. And in Figs. 290 
and 291 are shown, full size, 
two such diamonds mounted 
in soft iron or steel for use 
as a hand tool and as a 
slide-rest tool respectively. 
Their use requires care, and Pm. asi.-Diamond Tool for siidtnsi. 
very light cuts should only 

be attempted with them —especially with the latter, when 
it is grasped in the unyielding iron hand for which it is 
intended. And in either case the emery wheel should be 
run at a low speed only whilst it is being turned. When 
these simple precautions are attended to, it will be found, 
wherever emery grinders are used, that a diamond tool forms 
one of the most useful of all workshop appliances. 
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Milling, or the process of cutting metals by the use of 
revolving tools having a series of cutting edges, is by no 
means of recent origin, but is a development of the drill, 
as exemplified in the brass finisher's square-ended drill and 
fly-cutter, used for finishing nuts. Milling machines for 
grooving axles, cutting the teeth of wheels, &c., have been 
in more or less successful use for many years, but with 
the advent of emery grinding machines the accurate and 
economical use of milling cutters has made rapid strides, 
and for many classes of work milling is now in these respects 
far in advance of any process of metal -cutting, and at the 
same time the finish produced is greatly superior. 

It may he said that the modern milling machine, as a 
practical workshop tool, owes its existence to the facility 
with which the emery grinding-wheel enables nearly all 
forms of milling cutters to be quickly and accurately ground, 
without it being necessary to soften and re-harden them. 

Too great stress cannot be laid upon the necessity for 
accuracy in this operation ; at the same time it is equally 
necessary that the cutters shall l>e so mounted on their 
mandrils that they run perfectly true, as it is obvious that 
unless such be the case only a small number of teeth are 
cutting, and these are working at a serious disadvantage. 

An opinion appears to exist thai milling is only econo- 
mical where large quantities of similar shaped articles are 
to be made, but on closer investigation it will be fiiund that, 
if proper attention be paid to design, nearly the whole of 
the smaller pans of engines, tools, and machinery generally 
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can be more quickly and accurately milled by the use 01 
simple cutters and machines than they can be machined by 
the more usual methods. 

The reason of this superiority is clearly due to the fact 
that in milling the cutting speed may be much higher than 
can be maintained with any single cutting-tool, because 
such tools, as used in the lathe or planing machine, are for 
a long time in contact with the metal, and if the speed be 
increased during the cutting operation beyond certain narrow ' 
limits, the heat generated rapidly draws the temper of the tool, 
whereas a milling cutter being provided with a large number 
of cutting edges, of which only, say, 10 per cent, are in con- 
tact at once, the remaining 90 per cent, have ample time 
for coohng, being exposed to the action of the atmosphere 
and of any lubricant used ; and, further, the continuous 
cutting action of the milling machine gives it an important 
advantage over planing, shaping, or slotting machines, with 
their intermittent cut. 

In designing milling machinery with a view to getting 
the best results, both as to quantity and Rnish, it is essen- 
tial that an ample margin of strength and weight should be 
allowed, in order to insure rigidity, otherwise endless trouble 
will be caused by the vibration set up when taking heavy 
cuts at a good speed. 

It is also important to so arrange the feed-gear that a 
continuous and not an intermittent feed is obtained ; and, 
further, that when the machines are in motion such feed- 
gear can be readily adjusted through a wide range in order 
to suit the different qualities of the metals being milled, and 
also the different depths of cut 

For general work on which plain cylindrical cutters can 
be used, cutters of small or medium diameter, say up to 
3 inches, will be found to possess important advantages. 
In the first place, they are much less costly, both on account 
of their small weight and because of the less work required 
In their manufacture ; and, again, owing to their small dia- 
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meter the twisting strain on the cutter spindles is reduced, 
which enables them to take a heavy cut with a lighter 
spindle than is necessary for a large cutter, and, obviously, 
because of their size they can be used in confined places 
where large cutters could noL 




The simplest form of milling cutter, as shown in fig. 292, 
!s made from a cylindrical piece of tool steel, which is bored 
and turned in the usual way, and is after- 
wards, by the use of suitable cutters and di- 
viding apparatus, grooved '\n. sucb a manner 
as to form saw-shaped teeth, as shown in 
fig. 293 ; the faces of the teeth are usually 
made to radiate from the centre of the cutter; 
this simphfies the making of cutters which 
) have teeth cut both on the sides and peri- 
' phery, and at the same time produces a 
tooth of strong shape, which is found to cut 
most metals perfectly well, and is not so 
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liable to seize hold and hite into the work as cutters which 
have the faces of their teeth undercut. 

The pilch of teeth is partly determined by the diameter 
and class of cutter, and partly by the necessity for providing 
sufficient room to enable the emery grind ing-wh eels to clear 
the adjacent teeth ; a pitch of -{\ to | inch will usually be 
found to give good results ; the bottoms of the grooves ' 
between the teeth should be slightly rounded, and the key- 
ways made semicircular, in order to avoid starting-places 
for fracture in hardening. 

After being hardened and tempered, the central hole is 
ground to a standard diameter, and the cutter is mounted 




on a mandril, when the tops of the teeth are ground until 
they run true ; they are afterwards ' backed off' to give the 
requisite clearance, as shown in fig. 294, this process of 
'backing off' being repeated as often as the cutters be- 
come dull. 

Fig. 295 represents an improved form of cutter, in which 
the central hole is recessed, leaving two comparatively 
narrow strips, which are more readily ground to fit the 
mandril than could a bearing the full width of the cutter; 
similar facings are formed on each end, which again can be 
easily ground to fit against the end collars. It will be 
further seen that the grooves in this case are cut in the 
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foim of a. spiral, which enables each tooth to commence and 
finish its cut gradually, thus imparting a shearing actioo. 





and reducing the amount of vibration between the cutter 
and its worL 



i:™,i,.-M I , Google 



xii.j MiUing. 345 

Figs. 296, 297, 298, 299, and 300 show cutters of various 
simple forms, which are "used for key grooving, tap grooving, 




tter making, &c,, the teeth in these cutters being formed 
d ground in the manner previously explained. iioqIc 
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Kig. 301 represents an improved form of grooving cutter, 
which is made in two parts, the joint being inclined to the 



plane of the cutter. This joint admits of the insertion of 
thin sheets of paper packing, sufficient to meet the loss due 
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to grinding the faces a b, thus enabling a standard width of 
cutter to be maintained ; the joint is made inclint'd in 
order to prevent the formation of a ridge upon the work 
under operation. 

Fig. 30Z represents a set ofthree cutters suitably arranged 
for milling the flanges and body of a brass step, in which 
the middle cutter is similarly jointed. 

Figs. 303 and 304 represent the method of cutting twist- 



drills on the 'Universal' milling machine (to which machine 
further reference will be made). The blank drill is carried 
by the spindle of a dividing headstock, to which is imparted 
a slow rotary motion, the table which carries it being at the 
same time fed under the cutter, and at the required angle 
with the cutter spindle, this angle depending upon the 
pitch of spiral required. The spiral cutter shown in fig, 295 
is also cut in a similar manner. 

D,g,nz»-it.,L.OOglt: 
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Fig. 305 represents the process of ' bacUng off ' a twist- 
drill in Older to give it clearance. Here again the drill is 




rotated while travelling in front of the outer at a slight angle 
to its centre, this angle being determined by the amount of 
clearance required. 
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Figs. 306 and 307 show two methods of grooving taps, of 
which the latter possesses some advantage in providing more 



room in the grooves for cuttings, and at the same time 
imparting a square cutting edge, which is easily sharpened 
by grinding. 

Figs. 308, 309, and 310 represent three methods of 
finishing nuts as practised on horizontal milling machines. 




It may here be mentioned that the cutters shown in figs, 
309 and 310 are by far the least serviceable, because nearly 
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- the whole of the cutting is done by the corners of the teeth, 




which, of course, are the weakest parts and the most likely 
to become overheated ; in addition to this, the cutters are 
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more difficult to make and sharpen, owing to the limited 
clearance between the converging teeth. 

Cutters above 6 inches in diameter are usually made 
with a wrought or cast iron core, having detachable teeth 
inserted. This materially reduces their cost, as the amount 
of expensive tool steel required is much less, and the risk 
of failure in hardening is avoided. The teeth of such cutters 
are formed and hardened separately, and may be fixed in 
position and ground in a similar manner to a solid cutter, 
or they may be ground separately and then accurately ad- 




justed in position. Cutters of this type are shown in figs. 
311,312, and 313. 

Cutters of irregular contour are shown in figs. 314, 315, 
and 316, such cutters being sharpened by grinding ihe radial 
faces only of the teeth, thus preserving the shape and 
diameter of the cutter. This method of grinding is much 
slower than that of grinding the tops of the teeth, previously 
described, owing to the fact that a much larger surface is 
in contact with the grinding- wheel, and a correspondingly 
greater amount of metal has to be ground away to accom- 
plish the desired result. 

D,g,r,z»-i b, GilOglc 
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Proceeding to milling machines, these may be broadly 
divided into two classes, those having their cutter spindles 
arranged horizontally, and those with vertical spindles, A 
prominent example of the first class is the American type 
of so-called ' Universal ' milling machine, represented in fig. 



317, in which the spindle is carried in coned bearings, having 
provision for taking up wear. The machine is fitted with a 
knee bracket moving on a vertical slide; this bracket carries 
a componnd table which is free to slide both in line and at 
right angles with the spindle, and which may also be set to 
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slide in an angular direction. The top table is provided with 
a pair of headstocks, one of which is fitted with a dividing 
and rotating apparatus for use in making Cutters, twist drills, 
&c. Machines of this type are capable of doing a lai^ 
variety of small work, and are most useful for tool-room 
work generally. 

Fig. 318 represents a latter machine, suitable for milling 
long surfaces, such as the coupling and connecting rods of 
locomotives, slide-bars, &c. It is very similar in appearance 



to a planing machine, and is provided with a long movable 
table fitted with the necessary motion for feeding it beneath 
the cross slide which carries the spindle and cutters. This 
cross slide is capable of vertical adjustment, thus deter- 
mining the depth of cut. Provision is also made for pump- 
ing a plentiful supply of soapy water upon the cutters, which 
is very necessary when milling wrought iron or steel, in 
order to keep them cool, and by washing away the cuttings 
prevent them clogging round the cutters, this water being 
drained into a tank and again used. 

I n. II, Google 
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In fig. 319 is shown a vertical milling machine in whlcli 
the cutter spindle is carried on an upright slide which 
allows the height of the cutter to be adjusted. The machine 
is fitted with a table having a circular motion ; this table 
is mounted on two slides at right angles to each other, both 
the table and slides being fitted with feed-motion which 



can be operated in either direction. This machine is 
capable of doing a large variety of plain milling and of 
circular work. 

Fig. 320 represents a vertical milling machine in which 
the spindle is carried on a cross slide provided with vertical 
and transverse adjustment for regulating the cut ; the 
long movable table is fitted with adjustable feed-gear. A 
separate circular table is provided with the machine, which 
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renders it capable of milling the edges of links and coupling- 
rods, and also their circular ends. 



Fig. 331 shows a vertical milling machine suitable for 
light work. This machine is fitted with a profiling anat^e- 
ment, by which means objects of irregular shape can be 
milled. The machine consists of a strong frame carrying a 
movable table fitted with the requisite feed-gear, the frame 
being also provided with uprights and a cross slide, upon 
which a saddle moves freely, which is controlled by a hand 
lever and also by weights and chains arranged in such a 
manner that their force may be exerted either to right or 
left. The saddle is fitted with two spindles, one of which 
carries the milling cutter and the other a conical feeler j 
this latter is kept, by means of the weights, against a shaper- 
plate, which is attached to the table, and as the table cany- 
ing both the shaper-plate and the object to be miUed is fed 



Xin Milling. 3S7 

along, the feeler fellows the contour of the shaper-plate and 
moves the saddle either to right or left, thus reproducing 
the contour on the work being reiilled. By raising or 
lowering the conical feeler the distance between the cutter 
and its work may be altered at will. The shaper-plates 
are easily cut on this machine direct from a sheet-iron 




templet, the templet being fixed under the cutter spindle 
and the shaper-plate cut in the position in which it will 
permanently remain ; this is done by making the feeler 
spindle to revolve and carry a cutter, which cuts the shaper- 
plate, the cutter spindle proper being meantime fitted with 
a feeler, against which the templet is held by the before- 
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mentioned weights, the table being fed along in tfie 
usual way. 

In addition to the simple machines above described, 
large numbers of milting machines are in use which have 
been designed for special work, such as small-arms, sewing 
machines, cotton machinery, &c., some of them having two, 



three, four, and more spindles and cutters. By the use of 
such machinery the cost of production has been enormously 
reduced, while the accuracy and finish have been brought 
to a pitch previously unattainable. 

Amongst these special machines may be mentioned 
automatic -gear cutting machines, which are capable of 
cutting out of the sohd blank, toothed wheels varying in 
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size from those of the -finest watchwork up to wheels of 
4 inches pitch. 

A machine of this type is illustrated in fig. 322. This 
machine is provided with a spindle having dividing mechan- 
ism attached, upon which spindle the wheel blanks are 
mounted ; below this is arranged a table carrying the 
cutter. This table is mounted on a slide fitted with feed- 
gear, by which the cutter can be traversed underneath and 
across the edge of the wheel blank ; provision is also made 
for tilting this table at an angle to enable bevel-gear to be 
cut. By an ingenious arrangement, the dividing-gear and 
the feed-motion are so connected that when the machine is 
adjusted and set in motion the cutter advances and recedes 
through the blank, which is then turned, an amount corre- 
sponding to the pitch being cut, when the cutter again 
advances and recedes, this operation being continued 
automatically until the blank has made a complete revolu- 
tion and all the spaces are cut, upon which the machine 
comes to a stop. It will be seen that when a machine of 
this type is once adjusted and set in motion it requires very 
little attention, and thus one attendant is able to operate 
several machines, with a corresponding reduction in the 
cost of production. 

The facilities offered by machines of this kind have led 
to the extensive use of cut gearing in the best classes of 
machine tools and textile machinery ; and doubtless as the 
merits of such accurate gearing become more appreciated 
greater advances in its use will yet be made. 

As previously stated, the emery grinding machine plays 
such an important part in the success or otherwise of the 
milling machine, that it is felt that this chapter will be in- 
complete without some reference to it. In grinding milling 
cutters it is essential that the spindle and emery wheel of 
the grinding machine should run true and be accurately 
balanced, as owing to the high speeds at which such wheels 
run it is clear that any inaccuracy in these respects is highly 
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detrimental To ensure smooth grinding, the belt of the 
grinding machine should be even and uniform throughout; 
it should also be thin and flexible, and be laced with a butt 
and not a lap joint. 



In order to prevent the emery wheel from glazing it is 
necessary to keep it perfectly free from oil or perspiration. 
Care should also be taken not to unduly force the emery 
wheel against its work. This point deserves special atten- 
tion, as excessive pressure rapidly generates heat, which not 
only softens and glazes the emery wheel, but also draws the 
temper of the cutter, often without showing any discoloura- 
tion in the parts thus injured. 

I n. II, Google 



XII.] Milling. 361 

For general cutter grinding, emery wheels should be 
fairly coarse and free cutting, otherwise they are apt to soften 
the cutter, which may be detected by the presence of a fine 
blue burr on its softened edges. 

Emery wheels 2| to 3 inches in diameter by -^ to \ 
inch in thickness will be found most suitable for ordinary 
cutter grinding. These wheels may be run at from 3,000 
to 4,500 revolutions per minute, depending upon the 
quality of the emery wheel. If run either too fesl or too slow 
signs of overheating will appear. 

The finishing cut when 'backing off' should obviously 
be small in amount, especially when grinding cutters of large 
diameter, otherwise the wear of the emery wheel will mate- 
rially affect the height of the cutter teeth, those last ground 
being of course the highest. 

In fig. 323 is shown a small cutter-grinding machine of 
the usual type, which is capable of dealing with all ordinary 
cutters. It is fitted with a dust-protected spindle carrying the 
emery wheel ; below this spindle is a small table which 
carries the cutter. This table and the cutter work on a slide, 
and are moved to and fro under the emery wheel by means 
of a hand lever, the teeth of the cutter being meanwhile 
held in contact with an index finger, each tooth being 
brought in rotation under the emery wheel. The feed is 
applied by means of the hand-wheel shown on the right, 
which raises or lowers the table. By the use of such a 
machine the operation of sharpenii^ any ordinary cutter 
becomes a very simple matter, occupying from five to ten 
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T<^Us Qf Whiiwortk'i Screw Threads. 



TABLE IV. 
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TABLE VIII. 

Table of Change Wheels fffr Screw-culling Lathe, with 

Leading Screw of Three Threads to an Inch. 
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Note. — The wheels of which the number of leelh in the above table 
are to thick type only need be adhered to. For the others, which are 
idle wheels, any which can be got in may be substituted. 

Where two numbers occur in one column the wheels are 10 be con- 
nected together, and work on Ihe same stud, the second one gearing with 
the wheel on the leading-screw. 
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